
s,.. <^M'E-EN,. and CD
}qStbk r|5p,^/ isOjtj'PPif

' ''#
.r



UNIVERSITY OF ILLINOIS

LIBRARY

book class volume

5A\.\ R\'V



Return this book on or before the
Latest Date stamped below. A
charge is made on all overdue
books.

U. of I. Library

3 0 ’016

uCT 1 1 1979

11148-S





INTRODUCTION TO THE STUDY

OF PHYSICAL CHEMISTRY



Text-Books of Physical Chemistry.
Edited by SIR WILLIAM RAMSAY, K.C.B., F.R.S.

The progress of Physical Chemistry is now so rapid, its

domain is so extensive, and the number of journals devoted

to its exposition is so great, that it has appeared desirable to

issue a series of volumes, each of moderate compass, and each

dealing with one branch of the subject. The rate of advance

in various branches of the subject is not equal; while, for

example, the basis of the science remains comparatively

stationary (for methods of determining atomic and molecular

weights, and the classification of compounds undergoes little

modification), rapid progress is being made in other branches.

Hence it has been thought proper to issue several short

manuals, so that each individual one may be frequently

brought up to date, independently of others. In this way,

a statement of what is known on each subject will be made
accessible to students and investigators. The subject has

been divided as follows, among the authors mentioned :

—

AN INTRODUCTION TO PHYSICAL CHEMISTPAC.
By Sir William Ramsay, K.C.B., F.R.S. is.net^ H O'

THE PHASE RULE. Alexander Findlay, D.Sc. 5^-.

STOICHIOMETRY. Prof^sor Sydney Young, D.Sc.,

F.R.S. / 10 ^^^ IT/Y
THE RELATION BETWEEN CHEMICAL CONSTI-
TUTION AND PHYSICAL PROPERTIES. Samuel
Smiles, D.Sc. ( ^ ( O

ELECTRO-CHEMISTRY. R. A. Lehfeldt, D.Sc. 2 vols./

SPECTROSCOPY. E. C. C. Baly, F.I.C.

THERMODYNAMICS. F. G. Donnan, M.A., Ph.D.

CHEMICAL DYNAMICS, A])ID REACTIONS. J. W.
Mellor, D.Sc.

T/ie order m which these parts will he issued is not that

given ; for some subjects are more easily treated of than others ;

but it is hoped that all the vohmes will be ready for the press

before December^ 1904.

^ This is the General Introduction to the series, and it also appears in

Mr. Findlay’s book on the Phase Rule.
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INTRODUCTION TO THE STUDY
OF PHYSICAL CHEMISTRY

By Sir WILLIAM RAMSAY, K.C.B., F.R.S.

cr

To define exactly the provinces of the Sciences of Physics and
Chemistry is not easy. The definition that the object of
Chemistry is the study of the changes which matter undergoes
during the formation and decomposition of compounds, while
that of Physics has reference to changes which affect matter
independently of its composition, hardly meets the case. It is

true that it is possible to deduce certain laws relating to the

properties of matter, which are valid irrespective of the chemical
composition of the matter; but such laws deal with the beha-

(A viour of matter in motion, or acted on by gravitational or other

forces which apply only to matter in bulk. For example,
Newton’s law of “ gravitation ’’—that two masses approach
each other as if impelled by a force which varies directly as
their masses, and inversely as the square of the distance which
separates them takes no cognizance of the nature of the
matter which attracts : the law is not affected by the chemical
composition of the acting bodies. Similarly, the laws dealing
with inertia are true, whatever the nature of the matter to which
these laws apply. But when phenomena relating to change
of volume by pressure, to the surface phenomena of liquids,

to electricity, to heat, light, and other forms of wave-motion,
are considered, the laws deduced from them contain specific

B
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constants, so that their numerical application can be made

only when these specific constants are known. Thus although

the same differential equation governs the flow of heat in all

kinds of matter, it contains a specific constant, viz. the “ con-

ductivity
;
” and as this varies for different kinds of matter, the

chemical nature of the substance becomes a factor in the problem.

The birth of physical chemistry may be said to date from

the recognition of this fundamental idea
;
where the laws or

generalizations regarding properties of matter depend not

merely on the masses or rates of motion of the objects con-

sidered, but also on their composition and chemical nature,

their consideration falls under the heading ‘‘ Physical

Chemistry.”

It was not until the middle of the nineteenth century that

this began to be recognized
;
although many facts had been

discovered, and many laws deduced before that date, physical

chemistry was not differentiated from physics, on the one hand,

and chemistry on the other, until the dependence of certain

physical phenomena on the chemical composition of the objects

under consideration had become obvious.

The attempts of the ancients to interpret the facts around

them led to little of value. For long mankind was contented

to observe certain phenomena, and to utilize them for industrial

purposes, if they were found suitable. Yet in all ages ‘‘ philo-

sophers,” or lovers of wisdom, as they liked to call themselves,

have endeavoured to “ explain ” certain observed facts. This

word “ explain ” is frequently used without any very definite

view of its signification. It may be defined as “ to state the

unknown in terms of the known,” and this process was facili-

tated by grouping observed facts into similars and dissimilars.

The “ properties of matter,” for example, were ‘‘ explained
”

by the Greeks and their predecessors by the theory that all

matter partook of the nature of fire, air, earth, and water—the

so-called “ elements ”—in greater or less proportion. But this
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hypothesis, which, so long as only the solidity, fluidity, or

gaseous nature of matter was in question, appeared reasonable,

failed to throw light on the changes which matter undergoes

during combustion. And in the seventeenth century, Boyle, in

his Sceptical Chymist^ pointed out that it was impossible to

explain the existence of the numerous chemical substances

known in his day, or the transformations which they may be

made to undergo, by this ancient hypothesis. The word

“ element ’’ was otherwise defined by Boyle as the constituent

of a compound body; and he denied that the properties of

matter could be modified by assimilating the qualities of fire,

air, earth, and water.

In the light of this revolution of thought it became of

importance to determine which of the numerous forms of

matter were to be regarded as elementary and which as com-

pound, or composed of two or more elements in a state of

combination
;
and also to produce such compounds by causing

the appropriate elements to combine with each other.

The progress of science was, however, retarded by the

existence of certain preconceived notions, which had first to be

disproved before advance was possible. The first of these was

the failure to recognize the material nature of air, and to differ-

entiate between one gas and another. Although Boyle himself

discovered the most important law, which goes by his name,

and which deals with the compressibility of air, and although

the fact that air possesses weight had been foreshadowed by

Jean Rey, physician to the court of France, and by Torricelli,

the inventor of the barometer, it was not until experiments

were made by Black, in 1752, on carbonic acid that it was

distinctly recognized that gases may differ in kind, and that

each possesses its own particular density. The investigations

of Scheele, Priestley, and Cavendish in the succeeding years

showed that many kinds of gas exist; and in the following

century Faraday, by liquefying ammonia, chlorine, and other
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gases, proved that a gas is merely a vapour at a high tem-

perature ;
and Andrews, by his investigation on the critical

temperature of carbon dioxide, showed that above that tempe-

rature that gas cannot be liquefied by compression alone.

Towards the end of the nineteenth century, Pictet and Cailletet

succeeded in liquefying oxygen
;
Wroblewski, Olszewski, Kam-

merlingh Onnes, and Dewar prepared liquid oxygen and air on

a fairly large scale
;
and the more recently invented machines

of Hampson and Linde have much facilitated the process of

liquefaction. Olszewski was the first to liquefy hydrogen in

minute quantity
;
and on a larger scale, Dewar and, later,

Travers have succeeded in preparing liquid hydrogen in bulk.

The only gas which has as yet resisted liquefaction is helium.

The second fallacy was an inverted notion of the pheno-

mena of combustion. It had long been held, probably since

the eighth century, that the property of burning which many

substances possess was due to the sulphur which it was

supposed that they contained. At that date, what were later

called “ hypostatical (or underlying) principles ” were added

to the four elements, as capable of modifying the nature of

matter. These were : salt, which conferred fixity in the fire
5

mercury, which conferred volatility and metallic lustre * and

sulphur, which carried with it combustibility. This idea was

somewhat modified by Becher, who conceived all combustible

matter to contain a terra pingtus^ or fatty earth. His pupil,

Stahl, having observed that it was possible to confer combusti*

bility on many substances which had lost that power on having

been burned, by calcining them in absence of air with bodies

such as charcoal, wood, coal, flour, etc., which themselves

possessed the property of burning, extended, about the year

1690, the use of the idea of “ sulphur,’’ or terra pmguis^ and

at the same time changed its name to “ phlogiston.” We see

here the conception of the substantial nature of flame, which

will be alluded to later on. This phlogiston was not merely a
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principle which was lost during combustion
;

it was at the

same time possible to transfer it from a body rich in it to one

containing little or none. From this point of view, metals

were regarded as substances rich in phlogiston
;
when they

were calcined in the air, the remaining “ calces ” were looked

upon as metals from which phlogiston had escaped, but by

heating such “ calces with charcoal or other substances rich

in phlogiston, that principle was transferred to the “ calces,”

and metals were reproduced. The metals were therefore con-

sidered to be compounds of their calces with phlogiston. Other

substances, such as phosphorus or sulphur, when burned, gave

acid liquids, to which it was not so easy to add phlogiston

;

but even they could be phlogisticated
;
and sulphur and phos-

phorus were regarded as compounds of sulphuric and phosphoric

acids with phlogiston.

The discovery of oxygen in 1774 by Priestley and by

Scheele, and the explanation of its functions by Lavoisier

during the ten following years, revolutionized the method of

regarding combustion. It was then recognized that combustion

is union with oxygen
;

that an earth, or “ calx,” is a compound

of a metal with oxygen
;
that when a metal becomes tarnished

and converted into an earthy powder, it is being oxidized;

that the resulting oxide, when heated to redness out of contact

with air with charcoal or carbon, or with compounds such as

coal, flour, and wood, of which carbon is a constituent, gives

up its oxygen to the carbon, forming an oxide of carbon,

carbonic oxide, on the one hand, or carbonic “ acid ” on the

other, while the metal is reproduced in its ‘‘reguline” or

metallic condition
;
and that the true elements are metals,

carbon, phosphorus, sulphur, and similar bodies, and not the

products of their oxidation.

The third mistaken notion was the material nature of heat.

The fact that flames were actually seen issuing from burning

bodies early led to the view that they were material objects

;
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and fire was therefore regarded as one of the “elements.”

Even after the overthrow of the ancient notions of combustion,

it was believed that, although devoid of weight, heat was a

substance. The earlier treatises often began with “ the three

imponderables ”—heat, light, and electricity. Under the name

of “ caloric ” this view was long held regarding heat. Towards

the end of the eighteenth century Count Rumford had noticed,

at Munich, that an apparently inexhaustible supply of heat

could be generated by the boring of cannon, and that if bored

under water the rise of temperature was such that the water

could be kept in a state of ebullition. He argued, therefore,

that the heat was not previously in combination with the iron

of the cannon, or of the drill, but that it was produced by

friction. At a later date Davy succeeded in melting two

pieces of ice by rubbing them together.

That bodies possess a certain capacity for, or power of

holding, heat was discovered by Leslie and Black, who investi-

gated the specific heats of many different substances. Black

also made experiments on the quantity of heat absorbed by

different substances when they melt or evaporate, and intro-

duced the conception of “latent” heat, i.e, heat which is

possessed by a body, but which is insensible to a thermometer.

The first table of capacities for heat was published by Kirwan

in 1780 : though Crawford had published the result of attempts

to determine the specific heats of gases in 1779.

In 1801 Dalton published in the memoirs of the Man-

chestei' Literary and Philosophical Society^ 5, p. 515, an account

of experiments which proved that while the compression of

gases was attended by an evolution of heat, their expansion

rendered them colder; and Leslie attempted to introduce

quantitative measurement. In 1807 Gay-Lussac applied the

temperature changes resulting from the compression of gases

to the measurement of their specific heats; and in 1816

Laplace had differentiated between the specific heat of a gas
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at constant volume and under constant pressure, and had

applied his results to Newton’s equation relating to the velocity

of sound. The explanation was first given, however, by Julius

Robert Mayer. While former investigators held the idea that

the phenomena were to be explained by the view that on

compressing a gas caloric escaped, as water does when a

sponge is squeezed, and on allowing it to expand the heat

enters and again fills the pores of the gaseous matter, Mayer

regarded the heat produced as the equivalent of the work

expended on the gas. From the known alteration of temperature

which a gas undergoes on expanding and the resulting heat

which it absorbs on the one hand, and from the work which

the gas can do during expansion on the other, he attempted

to calculate the equivalence of heat and work. Almost at the

same date J. P. Joule made quantitative experiments, in which

he measured the rise of temperature of a known weight of

water when it was set in violent agitation by a stirring

apparatus driven by a descending weight. The doctrine of

the existence of heat a subtle form of matter thus gradually

became extinct
;
and heat is now regarded when it is asso-

ciated with matter as a state of motion of the particles of

matter, atomic or molecular
;
and when “ radiant ”

—

i.e. during

the condition of transit from one body to another (in which

state the name ‘‘heat” is perhaps inapplicable)—as a state

of strain in an imaginary medium, the ether, the strain being

passed from place to place in the form of waves.

It was not until these misconceptions—the immaterial

nature of gases, the inverted notion of combustion, and the

material nature of heat—had been removed, that progress in

physical chemistry became possible. But even with their

removal the way was not clear, for it was necessary that a

working hypothesis regarding the nature of matter should first

have been formed. This was primarily due to John Dalton, a

Manchester schoolmaster.
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It had been noticed by Wenzel, by Richter, by Wollaston,

and by Cavendish towards the close of the eighteenth century

that the same compounds contain the same constituents in the

same proportions, or, as it is expressed, “possess constant

composition.” Wollaston, indeed, had added to this the

further fact that when the vegetable acid, oxalic acid, is

combined with potash it forms two compounds, in one of

which the acid is contained in twice as great amount relatively

to the potash as in the other. The names monoxalate and

binoxalate of potash were applied to these compounds to

indicate the respective proportions of the ingredients. Dalton

conceived the happy idea that by applying the ancient Greek

conception of atoms to such facts, the relative weights of the

atoms could be determined. Illustrating his views with the

two compounds of carbon and hydrogen, marsh gas, and

olefiant gas, and with the two oxides of carbon, carbonic oxide

and carbonic “ acid,” he regarded the former as a compound

of one atom of carbon and two of hydrogen, and the latter as

a compound of one atom of carbon and one of hydrogen, and

similarly for the two oxides of carbon. Knowing the relative

weights in which these elements enter into combination, he

deduced what he supposed were the relative weights of the atoms.

Dalton’s work was first expounded by Thomas Thomson,

Professor at Glasgow, in his System of Chemistry^ published in

1805, and subsequently in Dalton’s own System of Chemical

Philosophy^ the three volumes of which were published in 1808,

in 1810, and in 1827.

The determination of these “ constants of Nature,” the

atomic weights, was at once followed out by many chemists,

Thomson among the first. Chief among the chemists who

pursued this branch of work was Jacob Berzelius, a Swede,

who devoted his long life (1779-1848) to the preparatioh of

compounds, and to the determination of their composition, or,

as it is still termed, the determination of the “ atomic weights
”
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-—more correctly eqidvalents—of the elements of which they

are composed. It is to him that we owe most of our analytical

methods, for prior to his time there were few, if any, accurate

analyses. Although Lavoisier had devised a method for the

analysis of compounds of carbon, viz. by burning the organic

compounds in an atmosphere of oxygen contained in a bell-jar

over mercury, and measuring the volume of carbon dioxide

produced, as well as that of the residual oxygen, Berzelius

achieved the same result more exactly and more expeditiously

by heating the substance, mixed with potassium chlorate and

sodium chloride, and thus estimating the hydrogen as well as

the carbon. This process was perfected by Liebig. Berzelius,

however, was able to show that compounds of carbon, like

those of other elements, are instances of combination in

constant and multiple proportions.

In 1815 two papers were published in the Annals of

Philosophy by Dr. Prout, which have had much influence on

the progress of chemistry. They dealt with the figures which

were being obtained by Thomson, Berzelius, and others, at

that time supposed to represent the “ atomic weights ” of the

elements. Front’s hypothesis, based on only a few numbers,

was that the atomic weights were multiples of that of hydrogen,

taken as unity. There was much discussion regarding this

assertion at the time, but as it was contradicted by Berzelius’s

numbers, the balance of opinion was against it. But about the

year 1840 Dumas discovered an error in the number (i2’i2)

given by Berzelius as the atomic weight of carbon
;
and with

his collaborator, Stas, he undertook the redetermination of the

atomic weights of the commoner elements—for example,

carbon, oxygen, chlorine, and calcium. This line of research

was subsequently pursued alone by Stas, whose name will

always be remembered for the precision and accuracy of his

experiments. At first Stas inclined to the view that Front’s

hypothesis was a just one
;
but it was completely disproved by
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his own subsequent work, as well as by that of numerous other

observers. It is, nevertheless, curious that a much larger

proportion of the atomic weights approximate to whole numbers

than would be foretold by the doctrine of chances
;

and

perhaps the last has not been heard of Front’s hypothesis,

although in its original crude form it is no longer worthy of

credence.

To Dalton the smallest portions of matter, whether consist-

ing of single atoms, as that of oxygen, O, or of compounds,

such as water, to which he ascribed the composition HO,

were alike regarded as atoms. This view, however, conflicted

with experimental data arrived at by Gay-Lussac in the year

1808. In conjunction with Humboldt, Gay-Lussac had redis-

covered about three years' before what had previously been

established by Cavendish, namely, that, as nearly as possible,

two volumes of hydrogen combine with one volume of oxygen

to form water, the gases having been measured at the same

temperature and pressure. Humboldt suggested to Gay-Lussac

that it would be well to investigate whether similar simple

relations obtain between the volumes of other gaseous sub-

stances when they combine with each other. This turned out

to be the case
;

it appeared that almost exactly two volumes of

carbonic oxide combine with one volume of oxygen to form

two volumes of carbonic acid gas
;

that equal volumes of

hydrogen and chlorine unite to form hydrochloric acid gas

;

that two volumes of ammonia consist of one volume of nitrogen

in union with three volumes of hydrogen, and so on. From

such facts Gay-Lussac was led to make the statement that

the weights of equal volumes of gases, whether simple or

compound, and therefore their densities, are proportional to

their empirically found combining or atomic weights, or to

rational multiples of the latter, Gay-Lussac regarded this

discovery of his to be a support for the atomic theory, but it

did not accord with many of the then received atomic weights.
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The assumption that equal volumes of gases contain equal

numbers of particles, or, as they were termed by him, molecules

iutegrantes^ was made in i8ii by Avogadro, Professor of Physics

at Turin. This theory, which has proved of the utmost im-

portance to the sciences of both chemistry and physics, had no

doubt occurred to Gay-Lussac, but had been rejected by him

for the following reasons : A certain volume of hydrogen, say

I cubic centimeter, may be supposed to contain the same

number of particles (atoms) as an equal volume of chlorine.

Now, these two gases unite in equal volumes. The deduction

appears so far quite legitimate that i atom of hydrogen has

combined with i atom of chlorine. But the resulting gas

occupies 2 cubic centimeters, and must therefore contain the

same number of particles of hydrogen chloride, the compound

of the two elements, as i cubic centimeter originally contained

of hydrogen or of chlorine. Thus we have 2 cubic centimeters

containing, of uncombined gases, twice as many particles as

is contained in that volume after combination. Avogadro’s

hypothesis solved the difficulty. By premising two different

orders of particles, now termed atoms and molecules, the solu-

tion was plain. According to him, each particle, or molecule,

of hydrogen is a complex
;

it contains 2 atoms
;
the same is

the case with chlorine. When these gases combine, or rather

react, to form hydrogen chloride, the phenomenon is one of a

change of partners
;
the molecule, the double atom, of hydrogen

splits
;
the same is the case with the molecule of chlorine

;
and

each liberated atom of hydrogen unites with one of chlorine,

forming a compound, hydrogen chloride, which equally consists

of a molecule, or double atom. Thus 2 cubic centimeters of

hydrogen chloride consist of a definite number of molecules,

equal in number to those contained in i cubic centimeter of

hydrogen plus those contained in i cubic centimeter of chlorine.

The case is precisely similar if other gaseous compounds be

considered.
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Berzelius was at first inclined to accept the theory, and

indeed went so far as to change many of his atomic weights to

make them fit it. But later he somewhat withdrew from his

position, for it appeared to him hazardous to extend to liquids

and solids a theory which could be held only of gases. Avo-

gadro’s suggestion accordingly rested in abeyance until 1858,

when Cannizzaro, Professor of Chemistry in Rome, published

an essay in which all the arguments in favour of the hypothesis

were collected and stated in a masterly manner.

Although as early as 1811 a distinction had been drawn

between the two classes of particles, atoms, or single particles

of elements, and molecules, or congeries of atoms, which may
either be of one kind, in which case the molecule is one of an

element, or of different kinds, in which case the molecule is

one of a compound, yet, as we have seen, the theory was not

accepted by chemists and physicists until after 1858.

Inasmuch as physical chemistry rests on the molecular

hypothesis of matter, researches before that date referred

merely to the physical properties of matter, and just conclu-

sions could not be drawn from them. It is necessary, in many

very important researches, to pay attention to data considered

with reference to equal numbers of molecules, instead of to

equal masses of substance
;
and relations really simple remained

undiscovered until the molecular hypothesis was generally

adopted.

Yet many interesting observations were made before the

middle of the eighteenth century, of great value in themselves,

although their true bearing was not evident until the molecular

hypothesis of matter had been established.

For example, Boyle’s law (1662) relating to the compressi-

bility of air was found to apply with more or less accuracy to

the compressibility of other gases
;
and Gay-Lussac’s or Dalton’s

law (1808) dealing with the expansion of gases with tempera-

ture, also holds approximately for all gases. The progress of



STUDY OF PHYSICAL CHEMISTRY 13

science, however, has always been characterized by the dis-

covery of approximate relations
;
the divergence from exactness

has generally at first been attributed to the imperfection of the

observations ; and with improvements in apparatus, and with

introduction of extreme conditions, these “ laws ’’ have always

been discovered to be only approximately applicable
;
to render

them more in accordance with fact, modifications have had to

be introduced which lessen the deviations
;
but all that can be

said of any so-called “ laws ” is that at the best they represent

the results of measurement as accurately as the methods of

experiment allow.

It is seldom the case that the causes of divergence can be

fully discovered. Yet in some instances it is possible to surmise

that the cause is known, even although the phenomena are too

complicated to be solved numerically. The moon pursues an

approximately elliptical course round the earth, due to her own

proper motion and to the attraction of the earth
;
yet the path

is influenced by the attraction of the sun, and in a lesser

degree by that of the planets, and in a still smaller by that of

the fixed stars. Owing to the number and complexity of these

various attractions, it is impossible to do more than approxi-

mate numerically to the actual path of the moon's orbit
;
yet

as many of these attractions are almost inconceivably minute,

their effect may be disregarded. In such an instance the law

of attraction is a simple one; but with molecules, instead of

masses, the laws of attraction have still to be discovered.

Applying this conception to Boyle’s and Gay-Lussac’s laws,

it was soon discovered that they held only with approximation

;

and in 1829 Dulong and Arago, and later Pouillet, Regnault,

and Natterer, investigated the variation of the product of

pressure and volume, which, according to Boyle’s law, should

remain constant so long as temperature is stationary. The
investigation from a practical point of view was continued by

Amagat, Mathias, Ramsay and Young, and others; and from
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the theoretical side by van der Waals, Clausius, and many

others.

It is clear that Boyle’s law can be valid only under one of

two suppositions— either that the molecules of a gas themselves

occupy no space, or that the molecules themselves are equally

compressible with the gas. The last supposition has not re-

commended itself; it has been generally assumed that mole-

cules are analogous to solid spheres, or solid particles of some

definite form
;
and that as a great increase of pressure causes

only a small decrease in the volume of a solid, so a “ solid
”

molecule must be regarded as practically incompressible. That

the compressibility of a gas must necessarily be less than that

calculable from Boyle’s law was predicted by Daniel Bernoulli

(1738) ;
but he did not recognize that another influence may be

at work, tending to reduce the distance between the molecules,

namely, their mutual attraction. The two conceptions were

first introduced by van der Waals. But the simple formula

devised by him does not accurately represent facts, and we are

still ignorant of even approximately exact laws relating to the

compressibility of gases, and their expansion on rise of tem-

perature.

But certain gases, on rise of temperature, did not show

even the approximate regularity in expansion demanded by

Gay-Lussac’s law. Bineau, who had determined the density

of many vapours at relatively high temperatures, discovered

that ammonium chloride, cyanide, hydrosulphide and carbonate

as well as phosphoric chloride, and chloride and bromide of

phosphonium possessed a vapour density only half as great as

that implied by their formulae. The explanation was given by

Cannizzaro, Kopp, and Kekule. They pointed out that these

substances decompose when heated into simpler constituents

—

ammonium chloride, for example, into ammonia and hydrogen

chloride—and that, on cooling, the original substance is re-

produced. To this decomposition Deville gave the name
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“ dissociation.” Wiirtz, in 1865, traced the gradual dissociation

and re-formation of amylene hydrobromide, and other instances

followed; from that date the justice of the theory of reversible

decomposition by heat, or dissociation, of certain substances

was established.

It was for long believed that molecules exercise a repulsive

action on one another, and tend to part company on account

of this repelling force. And it was known that if forces of

any kind suffer displacement in the direction of their action

without external work being done, heat is evolved. It would

follow, therefore, that if a gas were to expand without doing

work, its temperature should rise. Joule and Thomson (Lord

Kelvin) showed, however, that on free expansion, most gases,

instead of rising in temperature, undergo a small decrease.

Hence there must be a small attractive, and not a large

repulsive force between their particles.

Waterston, in 1845, attributed the pressure of a gas to the

impacts of its molecules on the walls of the containing vessel,

and on the manometer
;
while the temperature of the gas was

conditioned by the rate of the motion of its particles. His

work, however, remained unnoticed until attention was directed

to it by Lord Rayleigh; and Kronig in 1856, and Clausius in

1857, following Joule in 1851, deduced from these hypo-

theses the “ kinetic theory of gases,” by means of which,

considering molecules as hard, smooth, elastic spheres, a

mechanical explanation of Boyle’s and Gay-Lussac’s laws and

of Avogadro’s hypothesis was given. By introducing numerical

data for pressure and volume, the actual average velocity of a

molecule of any gas could be calculated
;
and the measure-

ments of Thomas Graham, published in 1833, of the rate of

passage of gases through porous septa, and through narrow

openings, were shown to approximate closely to numbers cal-

culated on the basis of the relative average velocities of the

molecules of different gases. It was also possible to calculate



i6 INTRODUCTION TO THE

the “ free path,’^ or average distance which a molecule traverses

before collisions with other molecules
;
and also from measure-

ments of the friction of gases in passing through capillary

tubes, the relative diameters of the gaseous molecules, and

consequently their volumes.

The attraction between the molecules of any gas decreases

rapidly with rise of temperature
;
and with hydrogen gas, the

boiling-point of which is about 20*5° absolute, or —252*5° C.,

there is no sensible attraction at ordinary temperatures. Hence

deviations from Boyle’s law, in this case, by increase of pressure,

are ascribable solely to the space occupied by the molecules

relatively to that which they inhabit. It is therefore easy to

calculate the actual volume of the ‘‘ solid ” molecules in any

given volume of hydrogen gas
;

it appears to be somewhat less

than xq-Vo^^^ space inhabited by hydrogen mole-

cules at ordinary temperature and pressure. Knowing this, the

actual diameter of a hydrogen molecule may be estimated as

about 1*6 X io~® centimeter; or, otherwise expressed, there

are present in i cubic centimeter of hydrogen 5 x 10^^ mole-

cules
;

or, again, the thousandth part of that volume, or i cubic

millimeter of hydrogen gas contains about 50,000 million

million molecules. The corresponding numbers for other gases

can be calculated similarly from their relative diameters.

It has already been mentioned that Julius Mayer and Joule

regarded heat as a form of energy (a word introduced by

Rankine), and that Joule measured the equivalence between

heat and work
;
and also that Clausius attributed the heat con-

tained in gases, at least, to the state of motion of their mole-

cules. The First ” and the “ Second Law of Thermodynamics ”

stand in close connection with these conceptions. The first

law is—that as heat and work are numerically interchange-

able, and are both forms of energy, energy is indestructible and

tmcreateahle, A loss of energy is only apparent
;

it is not really

lost, but only appears in another form. The second is—that
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heat cannot of its own accord pass from a colder to a warmer

body ; or in Thomson’s (Lord Kelvin’s) words : It is impossible

by means of any lifeless material contrivance toproduce mechanical

actionfrom a given mass of matter by cooling it below the tempe-

7‘a^ire of the coldest surrounding objects. Still another method

of expressing the same truth is

—

A thermodynamic perpetual

motion is impossible

;

the perpetual motion being derived from

a machine in which there is, it is true, neither creation nor

destruction of energy, but a cyclical production of useful

external work at the expense of a heat reservoir of constant

temperature, or other source of “ equilibrated ” energy. These

two laws have been productive of the greatest advances in

physics and in chemistry
;
they may now be regarded as the

fundamental bases of both sciences. The first law is involved

in the determination of the ratio between the specific heat of

gases at constant volume and at constant pressure. From this

ratio a very important deduction has been drawn regarding the

molecular complexity of gases, viz. that while certain gases,

such as mercury-vapour and the gases of the argon group, con-

sist of molecules of the simplest possible nature, that is, of

single atoms, other gases, such as hydrogen, oxygen, nitrogen,

and chlorine, consist of molecules composed each of two

atoms. The conclusion as regards the last-mentioned gases

had been arrived at from chemical considerations; but the

proof was wanting, until corroborated by means of these

physical aids. The subject has been fully worked out from the

theoretical side by O. E. Meyer and by Boltzmann, whose

work on the kinetic theory is also of great value.

Early researches of a physico-chemical nature were made in
/

1819 by Dulong, Director of the Ecole Polytechnique at Paris,

in conjunction with Petit, Professor of Physics there. These

led to the discovery that equal amounts of heat are required to

raise equally the temperature of solid and liquid elements, pro-

vided quantities are taken proportional tcf their atomic weight

;
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in other words, equal numbers of atoms of elements have equal

capacity for heat. By this means, an approximate estimate of

the atomic weight of an element may be arrived at; and this,

taken in conjunction with the exact determination of the

equivalent of the element, may be made to yield a knowledge

of the exact atomic weight. It would follow from this that as

equal volumes of mercury gas and the gases of the argon

group contain the same number of atoms (for the molecule is

in their case identical with the atom), equal volumes should

possess equal capacity for heat. If the molecular weight, oi

what is the same for these gases, the atomic weight, be ex-

pressed in grams, the specific heat at constant volume for such

weights is 3 ;
i.e. to raise the temperature of 4 grams of

helium, 20 grams of neon, 40 grams of argon, 8i‘6 grams of

krypton, 128 grams of xenon, or 200 grams of mercury-vapour

through 1°, provided the gas is not allowed to expand, requires

as much heat as could raise 3 grams of water from 18° to 19° C.

And if the gas be allowed to expand, work will be done owing

to the displacement of the atmosphere, so that other two heat

units or calories are equivalent to that work
;
the specific heat

“at constant pressure” is therefore 5, and the ratio between

the two is as 3 : 5, or as i : if. It is found that for gases with

diatomic molecules, such as O2, N2, H2, etc., while the specific

heat for equal atomic weights is 5 for constant volume, that for

constant pressure is 7 ;
the ratio between the two is as 5 : 7, or

as I : 1*4. Gases with more complicated molecules have higher

specific heats; but the ratio between the atomic heat at con-

stant volume and constant pressure is a smaller one, and does

not display the same regularity as that between the atomic

heats of monatomic and diatomic gases.

These relations are realizable by aid of the kinetic theory

of gases, which postulates that the motion of the molecules is

equivalent to their temperature. With monatomic molecules

this motion is almost entirely translatory
;
with diatomic 01
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polyatomic molecules, on the other hand, there is not merely

translatory motion from place to place in the containing vessel,

but also there must be atomic motion within the molecule.

The atomic motion is represented by the absorption of a

certain amount of heat, when the temperature of the compound

gas is raised. This view is due to Naumann (1876).

The specific heats of equal number of atoms of solids, on

the other hand, if the atomic weights be expressed in grams,

approximate to the number 6, nearly twice as great as

that for monatomic gases at constant volume. It may be

conjectured that the heat is partially accounted for by over-

coming the restraint to which the molecules are subject in the

solid state
;
and as the atomic heats are approximately equal,

it may be argued that the molecules of all solid elements are

subject to approximately equal restraint. As certain elements,

namely, carbon, silicon, boron, and beryllium, are characterized

by specially low atomic heats at ordinary temperature, it might

be argued that their atoms are less restrained in their motion

than those of the other solid elements. Yet, as Weber showed,

at high temperatures their atomic heats become more normal

;

and it is difficult to see why a rise of temperature should

increase any restraint due to natural attraction of atoms in the

molecule. In compounds, too, as shown by Neumann (1831),

Regnault (1840), Joule (1844), and Kopp (1864), the specific

heats of equal numbers of molecules is approximately constant,

though to some elements it would appear that exceptionally

low atomic heats must be ascribed. Altogether the theory of

the specific heats of solids and liquids is in an unsatisfactory

state, and further investigations are much needed.

We have here an instance, however, of the necessity of

taking into consideration the chemical constants of the sub-

stances investigated, ix. atomic and molecular weights, in order

to secure even approximate regularity. For the specific heats

of elements and compounds present no regularity, unless they
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be referred to atomic or molecular weights. Hence the deter-

mination of specific heats has been undertaken mainly by

chemists
;

and the data obtained are among the earliest

examples of physico-chemical constants.

The relations discovered by Gay-Lussac between the

volumes of gases and their combining proportions stimulated

others to investigate the question whether similar relations

could not be found for liquids and solids. The first successful

attempts were made by Hermann Kopp in 1842. The number

of cubic centimeters of liquid at its boiling point, obtainable by

condensing that volume of gas which contains the molecular

weight of the liquid _^expressed in grams, was termed by Kopp

the “ specific volume.’’ But it has since been found preferable

to retain this term for the reciprocal of the density, ix, for the

volume occupied by one gram of the substance
;

and to

substitute the term “ molecular volume ” for the constant

suggested by Kopp. Working with carbon compounds, it was

easy, by subtraction, to ascertain the difference in molecular

volume for compounds differing by CHg, ix, the difference

between consecutive compounds in a homologous series, and

so to arrive at values for individual elements. It was then

possible to calculate the molecular volumes of compounds by

adding together the atomic volumes of the elements which they

contained. The investigation was continued by Ramsay,

Thorpe, Lessen, Schiff, and others
;

and it transpired that,

as a rule, elements in compounds retain the atomic volumes

which they possess in the free state
;
that the constitution of a

compound has an appreciable influence on its molecular volume

;

and that certain elements are capable of assuming different

volumes, according to the manner in which they are com-

bined.

Properties which, like molecular weights and molecular

volumes, can be numerically valued as the sum of the values

of similar terms for elements, are on Ostwald’s suggestion
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termed “ additive.” Those which are influenced by constitu-

tion, as to some extent molecular volumes, are termed “ con-

stitutive
j
” and those which, like gaseous pressures, depend

wholly on the number, and not on the nature of the molecules,

are termed “ colligative.” It was soon discovered that other

properties of matter could be treated so as to exhibit their

“ additive ” nature
;
among these are : the molecular refractive

index, or the relative retardation which different compounds

and elements offer to the passage of light (Gladstone and Dale,

1858; Landolt, 1864; L. Lorenz and H. Lorentz, 1880;

Briihl, 1880); the dispersion of light, or the relative angle

which passage through a prism separates rays of known wave-

length (Gladstone and Dale, Kanonnikoff)
;

the molecular

rotation of the plane of polarized light by its passage through

transparent chemical compounds in a magnetic field (Perkin)

;

and molecular coefficients of viscosity (Thorpe and Rodger).

It is, however, also possible to treat such data partly from

a “ colligative,” partly from a “ constitutive ” point of view
;

and attempts in this direction, more or less successful, have

been made by Schroder and by I. Traube. The latter has

been able to apply his method also to molecular volumes in

solution in various solvents.

The surface energy of liquids has been shown by Eotvos

(1886), and by Ramsay and Shields (1890), to have a simple

relation to their molecular weights. At and above the critical

point of a liquid it no longer possesses a surface, for liquid

and gas are one. As the temperature falls below the critical

point, however, the surface energy increases
;
and the rate of

increase for equal numbers of molecules on a liquid surface, is

approximately equal for all normal liquids. This affords a

means of determining the molecular complexity of compounds
and elements in the liquid state, for it is a colligative property.

Other methods have yielded evidence corroborative of the quan-

titative results deduced from measurements of surface tension

;



22 INTRODUCTION TO THE

for example, the ratio between the density of a substance at

its critical point and its normal gaseous density (Young), the

rate of variation of its vapour pressure with increase of tem-

perature, and similar properties.

The distinguishing characteristic of chemical compounds is

their constant composition. But it is often difficult to decide

whether or not a particular substance has or has not definite

composition. Substances which do not exhibit constancy in

this respect are termed “mixtures,” and such mixtures some-

times consist of compounds mixed with excess of one or other

constituent. The investigation of the nature of mixtures,

accordingly, has long been regarded as the legitimate sphere

of the chemist.

The first definite law regarding mixtures was discovered by

Dr. Henry in 1803 ;
it refers to solution of sparingly soluble

gases in water. It is : The amount of gas absorbed or dissolved

by a given amount of liquid is proportional to the presstm of

the gas. As, however, the volume of the gas is inversely pro-

portional to the pressure, it follows that a given quantity of

liquid always dissolves the same volume of gas, whatever the

pressure, temperature, of course, being maintained constant. A
convenient way of stating the same fact is to use the word “ con-

centration ” to signify the quantity of substance in unit volume

;

it then follows that the concentration of the gas in the space

occupied solely by gas is proportional to the concentration of the

solution of the gas in the liquid, for by doubling the pressure

the concentration of the gas is doubled, for twice the weight is

contained in unit volume
;
and as the amount in solution is also

doubled, its concentration is increased in the same proportion.

Henry’s discovery was extended in 1807 by Dalton to the

case of gaseous mixtures. His law \^\ If a liquid is exposed to

a mixture ofgases ^
the amount of each gas dissolved is proportional

to its partialpressure^ and to its solubility.

The solubility of gases in liquids generally decreases on
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rise of temperature
;

but as the critical point of the liquid

is approached, other phenomena intervene, which have been

investigated largely by Kammerlingh Onnes and his pupils in

the physical laboratory at Leiden, in Holland.

The behaviour of mixtures of liquids on distillation has

also been investigated by Konovalow (1881); and his work

has been greatly extended by Young. In certain cases, if the

liquids are immiscible, the vapour pressure at any given tem-

perature is the sum of the vapour pressures of the constituents

of the mixture
;

if the liquids are miscible, the vapour pressure

of the mixture is less than the sum of the pressure of each
;

and it may be less than that of either. In certain cases the

boiling point of such a mixture remains constant, under

constant pressure
;
and as constancy of boiling point has been

regarded as a sign of definite chemical composition, it has

been argued that the mixture was a true chemical compound.

But this view is incorrect. Alteration of pressure, as was shown

by Roscoe and Dittmar in i860, alters the composition of the

mixture, and the conclusion as to constancy of chemical

composition is disproved.

Many researches have been made on the solubility of

solids in liquids. As a rule, the higher the temperature the

more soluble the solid is. But for each temperature there

exists a maximum of solubility
;
the solution is then said to be

“ saturated.” Certain substances, however, such as slaked

lime, decrease in solubility with rise of temperature
;
and this

has been shown to be due to the fact that as the temperature

rises the soluble compound (in the case mentioned above,

calcium hydroxide, Ca(OH)2) loses water, and is converted

gradually into an insoluble, or a much less soluble substance

(CaO). The laws relating to the mutual solubility of two or

more salts in each other's solutions will be alluded to later.

The state of saturation may be reached in one of two ways :

the solution may either be saturated at a high temperature,
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and allowed to cool to the required temperature, or the

solvent may be shaken up with the powdered solid until it

is saturated. In each case the same end-point results
;
a state

of equilibrium is reached. Yet Ostwald has shown that if the

solid is finely divided, it is more soluble than if in coarse

lumps.

The rate of diffusion of liquids was carefully investigated

by Thomas Graham (1851). It has already been mentioned

that Graham's results as regards the relative rates of diffusion

of gases are in accord with the rates of motion of their

molecules. The diffusion of liquids into each other is also

due to molecular motion. And as gaseous pressure is attributed

to the collision of the molecules of the gas with the walls of

the containing vessel, so the molecules of liquid, by virtue of

their motion, must also generate pressure. But in a mixture of

liquids a method for the measurement of the pressure of one

of them is not easy to devise. The account of an experiment

carried out by Ramsay for gases will render the method clear.

A vessel constructed of the metal palladium, at a high tem-

perature, allows hydrogen to pass through its walls, but is

impervious to nitrogen and other gases. If such a vessel be

filled with nitrogen, and heated to a constant high temperature

under a definite pressure, say that of the atmosphere
;
and if a

current of hydrogen be passed over its exterior, the hydrogen

will enter, while the nitrogen cannot escape through the metal

walls. The pressure in the interior will rise, owing to the

entry of the hydrogen, until the total pressure in the interior of

the vessel will equal the atmospheric pressure of the original

nitrogen, plus the pressure of the hydrogen which has entered

;

and if the hydrogen on the exterior is at atmospheric pressure,

the total pressure registered will be two atmospheres. The

increase of pressure may be regarded as due to the nitrogen,

since the hydrogen, being able to pass in each direction through

the palladium, will balance its external and internal pressures.
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The palladium may be termed a “ semi-permeable ” septum,

since it is permeable to one substance, and not the other.

By a similar device the pressure of substances dissolved in

liquids may be measured. In this case the pressure of the

dissolved substance is termed its osmotic pressure
;

it is

that which tends to spread the dissolved substance through the

solution by diffusion, from a place of greater to a place of less

concentration
;

it is due to the motion of the molecules of the

dissolved substance.

It had been long known that a bladder filled with alcohol

and placed in water would swell, and might even burst, owing

to the entry of the water through the animal membrane. This

entry was ascribed by F. Perrot (1815) to the tendency of

miscible liquids to “ wander ” through each other, until they were

uniformly distributed throughout the mixture. This pheno-

menon, however, had more direct interest for botanists than

for physicists, inasmuch as it appeared to be related to the

ascent of sap in plant-stems
;
and it was first qualitatively in-

vestigated by M. Traube (1867), who, after attempting the

preparation of artificial diaphragms of tannate of gelatine, and

of ferrocyanide of copper, found that these membranes were

permeable to some substances and not to others. Quantitative

measurements were made by W. Pfeffer (1877), who obtained

his best results with ferrocyanide of copper diaphragms
j
and

van’t Hoff showed, in 1885, that the quotient obtained by

dividing the pressure by the concentration is constant at equal

temperatures—a law comparable with Boyle’s law for the

compressibility of gases, for concentration may be regarded as

the reciprocal of volume. Van’t Hoff also showed that the

increase of osmotic pressure with increase of temperature

followed Gay-Lussac’s law, and again confirmed the analogy

between gases and substances in dilute solution. De Vries

and Tammann amplified the work of Pfeffer (1888) by de-

termining at what degree of dilution various solutions exercised
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equal osmotic pressure
;
and van’t Hoff pointed out that for

certain substances, such as sugar, salicin, etc., the quantities

of dissolved substances were then present in proportion to

their molecular weights. Moreover, he went a step further

and showed that the osmotic pressure exercised by a solution

of cane-sugar at a definite temperature and at a definite

concentration (i,e, with a definite weight of cane-sugar con-

tained in unit volume of the solution) was the same as the

pressure which would be exercised at the same temperature by

a gas containing a number of molecules per unit volume equal

to that of the cane-sugar.

The osmotic pressures of dissolved salts, however, do not

exhibit the same simplicity. The reason for this divergence

was first pointed out by van't Hoff, and will be referred to

later.

The fact that solutions of compounds in pure solvents

raise the boiling point of the solvent had been known for

long
;

it was investigated in 1822 by Faraday, and later (1824)

by Griffiths, and (1835) by Legrand. They, and Wiillner

(1856-1858), investigated chiefly the behaviour of salts; and

Ostwald (1884) pointed out that if the rise in boiling point of

the solution be referred, not, as these authors had done, to the

relative weights of dissolved substance, but to their relative

molecular weights^ equal numbers of molecules of different salts,

dissolved in the same weight of solvent, produce an approxi-

mately equal rise in the temperature at which the solution boils.

But it was not until Raoult (1886) had extended the researches

to solutions of carbon compounds other than salts, that regu-

larity was introduced. It then transpired that equal numbers

of dissolved molecules produce an equal rise in the boiling

point of the solution
;

or, stated in another manner, the pre

sence of equal numbers of molecules of two substances in equal

quantities of the same solvent reduces the vapour pressure of

the solutions to an equal extent. The connection between these
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phenomena and between similar relations dealing with the

depression in the freezing point of a solvent produced by the

pressure of dissolved substances was shown by van't Hoff in

1887 ;
and the thermodynamic explanation was given by him,

and in a different form also by Arrhenius in 1888.

Arrhenius, too, propounded a theory to account for the

irregular behaviour of salts as regards their osmotic pressure,

and the rise in boiling point and depression in freezing point

of solutions containing them, which they exhibit. It is—that

when dissolved, salts dissociate into two or more constituents,

each of which produces an effect as if it constituted a separate

molecule
;
and that these constituents are identical with the

ions^ or carriers of electricity, when the salts are subjected to

the influence of an electric current. Many arguments in favour

of this hypothesis were collected and published by van’t Hoff

in 1887; others are to be found in the volume-relations,

the colour, the optical, the magnetic, and other properties

of salts.

The connection between the osmotic pressure of dissolved

substances and the rise of boiling point or depression of freezing

point which their solutions exhibit can be shown only by the

aid of thermodynamics. But one consideration will make it

plain that such a connection must exist. The osmotic pressure

of a dissolved substance evidently depends on its concentration

in the solution
;

if the concentration be increased, the osmotic

pressure will be increased proportionally. This could be

achieved by applying an external pressure to the solution, so

that solvent would be expelled through the semi-permeable

membrane, just as the pressure of a gas can be increased by

diminishing its volume by application of external pressure.

Now, the amount of work done in diminishing the volume of

the solution is the same, whether the solvent be removed by

pressing it through the diaphragm, or by freezing it out, or by

removing it by evaporation
;
and thus the relation between



28 INTRODUCTION TO THE

osmotic pressure and the depression of vapour pressure or

freezing point can be established. There is, indeed, a fourth

method of altering concentration, and that is by shaking the

solution with some other liquid which does not mix with the

original solvent, but which dissolves the substance, and so

removes it partially from the original solvent
;
and here, again,

similar thermodynamic considerations can be introduced.

The relationship between the volumes, expansions, optical

properties, and other properties of solids have been to some

extent worked out. Many approximate numerical relations,

based on the molecular weights of the solids, have been eluci-

dated
;
but, as a rule, the results have not been so useful as

those with gases and liquids. Allusion has already been made

to the equality of the atomic heats of the solid elements, dis-

covered by Dulong and Petit
;
and to the extension of Dulong

and Petit's law to compounds by Neumann in 1831. Reg-

nault, Kopp, and Joule have contributed to our knowledge of

such relations
;
the ease with which very low temperatures can

now be obtained leads to the hope that in the near future this

knowledge may be considerably increased, and that some philo-

sophical basis may be found for the irregularities which have

hitherto been discovered.

That almost every change in a chemical system is accom-

panied by a gain or loss of energy is evident, if heat be regarded

as a form of energy, for heat is almost always evolved or

absorbed during the formation or decomposition of every

chemical compound. The total energy in any substance eludes

measurement
;

but the difference in energy-content between

any one state and any other can be determined. The province

of thermal chemistry is the measurement of such differences

of energy in the form of heat.

The first important theoretical advance in this direction

was due to Hess (1840), in his postulate that the total evolntion
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ofheat dtcring any chemicalprocess is the same ^vhether the process

takes place m one or in several stages. Actual determinations of

the heat evolved during combustion of various substances, and

of the heat-changes which take place on solution, were made by

Andrews (1841 and subsequent years) and by Graham (1843)

;

and Favre and Silbermann greatly added to our knowledge of

facts of this nature (1852-1853). The most remarkable series

of researches on the heat-changes which accompany chemical

action are due to Julius Thomsen of Copenhagen, and to Mar-

cellin Berthelot of Paris
;
the former published his first treatise

in 1853, and the latter in 1865, and they have continued their

investigations almost to the present day (1903).

Each of these authors enounced a principle, which has

subsequently turned out to be incorrect, viz. that those chemical

reactions take place which are accompanied by an evolution of

heat. But this incorrect hypothesis led to the production

of an enormous mass of experimental work. The evolution of

heat during the formation of numerous compounds from their

elements, the heat-changes occurring during the conversion of

one compound into another, the heats of combustion of com-

pounds of carbon and other elements, that evolved during the

neutralization of bases by acids and during the progress of

allotropic and isomeric change, have, in many cases, been

measured, and many interesting conclusions have been arrived

at. One of the most interesting is the fact that on neutralizing

a dilute solution of a monobasic acid by a monoacid base,

nearly the same amount of heat is evolved in most cases
; and

the tracing of this fact to its cause—that such an action is

accompanied by only one chemical change, the combination of

the hydroxyl ion, OH', of the base with the hydrogen ion, H*,

of the acid. The metallic and acid ions remain, for the most

part, unaffected by mixing their solutions. When combination

occurs, or where the acid or the base, in solution, exists not

wholly in the state of ions, the regularity no longer holds.
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Other interesting results have been arrived at in the case of

explosive bodies, which are always endothermic, are formed

with absorption of heat
;
while stable bodies are generally pro-

duced with heat evolution. With rise of temperature, sub-

stances formed with evolution of heat become more unstable

;

and the converse is also true, that endothermic substances

become more stable on rise of temperature.

On the whole, however, little of theoretical importance has

been deduced from the very numerous data of thermal

chemistry. It is true that F. W. Clarke has recently published

the outlines of an attractive theory, which makes it possible

to calculate the heats of formation of many compounds from

simple considerations
;
but the accuracy of Clarke’s deduction

has been disputed by Julius Thomsen.

The first application of electricity to chemistry dates from

the time of Priestley (1772) ;
he proved that the effect of pass-

ing electric sparks through air was to produce an acid substance,

which he supposed to be carbonic acid
;
but in 1775 Caven-

dish carried out a marvellously careful set of experiments, and

showed that the acids actually produced were nitrous and nitric.

Not long afterwards van Marum (1785) and van Trostwyk

and Deimann (1789) showed that hydrogen and oxygen result

from the action of powerful sparks on water.

Shortly after (1791) Galvani discovered that a feeble

current of electricity caused the muscles of a frog’s leg to

contract, and Volta invented his “pile.” With such a “pile,”

Nicholson and Carlisle “ decomposed water ” (1800), and

found that from the wire attached to the zinc disc oxygen was

^evolved, while from the other wire bubbles of hydrogen escaped.

At the same time the water round the former became acid, and

round the latter alkaline. That acid and alkali could be pro-

duced by the decomposition of “pure” water was a puzzle to

many
;
and it was not until Humphry Davy showed in 1800 that



STUDY OF PHYSICAL CHEMISTRY 31

the alkalinity and acidity were due to the electrolysis of minute

traces of salt, dissolved out of the vessel in which the water was

contained, and that pure water in vessels of gold or platinum

was a practical non-conductor, and gave rise by its decom-

position to no alkali or acid, that the anomaly was explained.

Davy also evolved a theory by means of which he en-

deavoured to connect electrical with chemical phenomena.

Starting from the known fact that acids or bases in contact

with metals acquire an electrical charge, he argued that the

same must be the case with atoms
;
that in entering into chemical

combination they acquire electrical charges of different sign,

and cohere, owing to the same reason which causes electrical

attraction of oppositely electrified bodies.
,

According as the

charge is greater or less, the chemical attraction is powerful or

feeble. Davy found the difference of chemical potential to

increase with rise of temperature, and drew the not unnatural

conclusion that this increase runs parallel to the increase of

chemical affinity, which causes combination more readily at a

high than at a low temperature. Indeed, Davy did not regard

these as two different phenomena, one the cause, the other the

effect, but he regarded them as essentially the same.

Decomposition by an electric current he believed to be a

reversal of the phenomena of combination. In giving the

atoms of the decomposing compound opposite charges to those

which they had acquired by their combination, the atoms were

restored to their previously neutral state
;
the positive atoms or

groups were attracted to the negative pole
;
their positive charges

were neutralized by a corresponding negative charge from the

pole, and the atom or group was liberated in the free state.

Davy’s views made no lasting impression, for they were

shortly afterwards superseded by those of Jacob Berzelius

(1806). Berzelius held the view that all chemical compounds

consisted of a combination of two opposite constituents. To

this view he was led by the observation that an electric current
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apparently decomposed salts into an acid portion and a basic

portion, each of which goes respectively to the negative or to

the positive pole
;
combustible substances, alkalies or alkaline

earths, collect at the positive pole, while oxygen, acids, and in

general oxidized substances go to the negative pole. He also

believed that the decomposition of mixtures or of compounds

was in compound proportion to their chemical affinity and to

their surface of contact, and that the absolute amount of the

decomposition was proportional to the quantity of electricity,

and that this varied with the surface of contact between the

metal and the conducting liquid
;

it was also supposed by him

to be proportional to the conductivity of the solution. The

course of the reactions occurring during decomposition was

believed to be influenced by the affinity of the components

for the material of the wires, by the mutual afSnity of the

constituents, and by the cohesion of the resulting compounds.

To justify these suppositions he made the hypothesis that each

atom contains electric charges of different amounts
;
and in

general both a positive and a negative electric charge, one at

each pole. His theory differed from that of Davy essentially

in this, that while Davy believed that the atoms acquired their

charges only by contact with each other, Berzelius imagined the

atoms to be endowed from the start with electrical charges.

But although any atom contained both a positive and negative

charge, they were not necessarily equal in amount
;
hence some

atoms were essentially negative, whilst others were essentially

positive. During combination, the oppositely electrified atoms

attracted each other, and by equalizing their charges, more or

less, heat and light were the accompaniments of the partial or

complete restoration of the electrical neutrality. Berzelius

himself acknowledged, however, that the neutralization of the

electric charges removed the cause of the persistence of the

compound, if chemical affinity were considered to be due to

electric attraction. But Berzelius made use of his “binary”
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theory more as a means of classification than for the purpose

of explaining chemical or electrical phenomena
;
and owing to

that advantage it persisted for long.

The next advance in the subject was due to Michael

Faraday (1831-1838). His first statement was : The amotmt

of a substance decomposed by an electric current is proportional

to the amount of electricity which passes through it. This was

soon after followed by the important law which goes by his

name : If the same current passes throtcgh several electrolytes^ the

amounts of the differ

e

7it substances separated from the compound

are proportional to the chemical equivakfits of the substances

separated. The same amount of electricity, he showed, always

liberated the same amount of explosive mixture of oxygen and

hydrogen from dilute sulphuric or hydrochloric acid, whatever

the “ strength ” of the current, the size of the electrodes, the

dilution of the liquid, or the temperature.

It was Faraday who introduced the term electrolysis to

signify the process of separation of the constituents of a com-

pound body by means of an electric current
; the conductor, of

which the components undergo such separation, he called the

electrolyte; the moving parts were termed by him ions (or

“ movers and those which go towards the anode he called

the anions^ and similarly, the ions which move towards the

kathode were termed by him the kations {ana = up
;
kata =

down
;
hodos = a way).

Faraday was careful to point out that the passage of a

current through an electrolyte, and the separation of the ions

at the electrodes, although they are concurrent, are yet abso-

lutely distinct phenomena.

While Davy’s view that the products of electrolysis are the

metal or hydrogen, on the one hand, and the non-metal, or

electro-negative group, on the other, had been overshadowed

by Berzelius’s contention, that one product is an acid, and the

other a base, the question was not settled until Daniell,

D
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Professor at King’s College, London (1839), showed that if a

current be passed through water ” (dilute acid) as well as

through a solution of sodium sulphate, the same amount of

hydrogen is collected in each case
;

but in the latter, an

equivalent of “ soda ” (sodium hydroxide) is also set free.

Hence the current would appear to be doing double work in

the solution of sodium sulphate; not merely liberating the

correct amount of hydrogen, but also liberating the soda.

He pointed out the obvious explanation : that the primary

product of the electrolysis of the sodium sulphate is sodium,

and that the hydrogen is really produced by the action of that

metal on the water, at the moment of its liberation.

Early in the days of electro-chemistry (1805) a hypothesis

was brought forward by Grothuss to explain a phenomenon

which had been pointed out by Davy, namely, that the element

liberated at one pole has not been driven bodily from the

opposite pole to the one at which it is liberated. As a striking

proof of this, he caused the current by which “ water ” was

electrolysed to pass through his own body
;
and it was incon-

ceivable that the same atom of oxygen, for example, could

have passed from the negative to the positive pole through his

organism. Grothuss imagined the atoms to be already charged.

The atoms of oxygen and hydrogen in the water molecules

gave up their charges to their respective poles, and escaped
;

the neighbouring atoms changed partners, those at the end of

the chain combining with the atoms left without partners. But

Clausius (1857) disproved Grothuss’s theory, which had main-

tained its ground for over half a century. He pointed out that

if a certain “ force ” is required to effect decomposition, no

decomposition should take place until that force has come into

operation
;
as a matter of fact, however, the smallest conceiv-

able electric “ force ” is sufficient to effect decomposition of an

electrolyte. He therefore imagined that in any electrolytic

solution some of the atoms are continually changing partners.
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and that they move under the influence of the current at the

instant when they are unattached, that is, while the exchange

is taking place. This hypothesis had previously been put

forward by Williamson, with the view of explaining all chemical

action; some molecules, he supposed, were always undergoing

decomposition
;

their constituent atoms, or groups, however,

did not necessarily reunite, hut were ready to unite with those

of other molecules which also had undergone decomposition.

The relative rate of motion of the ions was first measured

by Hittorf* Although it had been noticed by Faraday (1834),

and by Daniell and Miller (1845), that during the electrolysis

of a salt the salt became more concentrated in the neighbour-

hood of one pole, and more dilute round the other, it was not

until 1853 that the true explanation was found by Hittorf in

the fact that the two ions do not move at an equal rate. If

they do, there is no such alteration of concentration. But in

the more numerous cases, where their rate of motion is different,

the salt concentrates round the pole to which the more rapidly

moving ion is travelling.

Hittorf also pointed out that compounds, solutions of which

are good conductors of electricity, are precisely those bodies

which are most susceptible of chemical reaction. In later

years this dictum has proved one of great importance.

Accurate measurements of the rate of passage of charged

ions through their solutions were first made by Kohlrausch

in 1869, with this remarkable result: that the ions move

independently of one another. Hence the electrical conduc-

tivity of any salt may be arrived at by the stem of the rates of

transport of its ions.

Further progress was made in 1887 by Arrhenius, who

showed that, on sufficient dilution, all salts arrive at a maximum

conductivity, of the same order of magnitude
;
and he deduced

from this that, with increasing dilution, a larger and larger

number of molecules become ionised, resolved into ions.



36 INTRODUCTION TO THE

Indeed, many salts, in fairly concentrated solution, are already

largely split into ions
;
while acids, on the other hand, even at

very small concentration, are to some extent in the non-ionised

form. The reactivity of a salt, he contended, was due to the

actual number of ions present in unit volume. And van’t Hoff

showed the proportionality between the relative number of

ions, thus determined electrically, and the osmotic pressure

which they exert, as well as their influence in raising the boil-

ing point and depressing the vapour pressure or the freezing

point of the solutions which contain them.

The connection between the amount of energy expended

electrically in the cell of a battery, and the heat evolved when

the reaction between the constituents of the cell proceeds with-

out production of a current, or with a closed circuit, was first

calculated and experimentally proved by Joule and Thomson

(Lord Kelvin), the latter of whom summed up the results of the

investigation in the proposition : The inte7isity of an electro-

chemical apparatus is, in absolute measure, equal to the mechanical

equivalent of as much of the chemical action as occurs by means of

a current of unit strength, in unit time. But experiments by

Boscha, Raoult, and others did not always succeed in cor-

roborating the truth of this assertion. The anomaly was

explained by Helmholtz, as well as by Willard Gibbs (1878) in

his great work. The discrepancy was caused by the neglect to

take into account the temperature-coefficient of the electro-

motive power of the particular cell employed. If this is small,

as, for example, in a DanielFs cell, in which zinc is replaced

by copper, the agreement with Joule and Thomsons statement

is a close one
;
but if it is large, as in many other instances,

the necessary correction must be introduced in order that

experiment and theory give the same result. The further

development of electro-chemistry belongs to the present day,

and will be thoroughly considered in the volume devoted to

that subject.
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The connection of chemical action with light is a subject

which has attracted much attention, owing to its connection

with the practical aspect of photography on the one hand, and

with astronomy on the other, in the form of spectroscopy.

But even yet few general conclusions have been drawn.

The fact that silver-salts are alterable by light was

observed as early as 1727 by Schultze; and Scheele, the

discoverer of oxygen, observed that this action is due chiefly

to the violet part of the spectrum (1777). Senebier made

quantitative experiments in 1784 ;
and Daubeny, in 1836, made

similar quantitative experiments on the influence of different

colours of the spectrum on the absorption of carbon by plants.

It was for long believed that three distinct varieties of

waves were emitted by luminous bodies; waves of light, of

heat, and of chemical action
;
but it appears that all waves

may have all three effects, and that the wave-length of those

waves which produce the maximum of chemical action depends

on the kind of chemical action which results from them. Thus,

while the maximum effect on plant-life is produced by light of

such a wave-length that it has also nearly the greatest luminosity,

the maximum effect in decomposing silver bromide is caused by

vibrations in the ultra-violet part of the spectrum
;
and heat

effects are produced by vibrations in the infra-red.

It has been pointed out by Mayer that while, generally

speaking, the effect of ether waves in promoting chemical

action is merely that of causing it to start, so that energy is

lost, the action on living plants is of an opposite character, for

by its influence energy is stored. The action in the first case

is one resembling catalysis, and merely increases the rate at

which chemical action proceeds
;

while in the second, the

radiant energy from the sun is stored by means of the plant as

chemical energy.

Many attempts, more or less successful, have been made to

measure, by the chemical changes produced, the intensity of
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the' radiations which produce these changes
;
the best known

are the researches of Bunsen and Roscoe (1851-1862), and

Draper (1857). Many more recent researches have, however,

been made.

The development of spectroscopy has of recent years been

very rapid, so far as relates to the measurement of the spectra

of different substances. Although the refraction of light was

first explained by Newton, and investigated in the early half of

the eighteenth century by Brewster, rapid progress was made

when Kirchhoff discovered, in i860, that all substances emit

rays of light of the same wave-length as those which they

absorb. The introduction of the spectroscope as a means

of analysis by Bunsen and Kirchhoff drew attention to the

advantage of the study of spectroscopy, and established many

important laws. The fact that gases made luminous by an

electric current of high potential could be made to emit

different kinds of spectra, according to the nature of the

discharge, was the discovery of Pliicker and Hittorf (1865)

;

and the fact that each compound, if it can only stand the tem-

perature at which it emits luminous rays, has its own special

spectrum was first announced by Mitscherlich in 1869.

The first theoretical discussion of spectra is due to Maxwell

(1875); pointed out that harmonic relations should be

found between the wave-length of the lines of the spectra of

any substance. Mascart, Stoney (1871), and Lecoq de Bois-

baudran (1889) have shown that such “ harmonic relations”

exist in some cases; and other authors have sought to establish

such relations
;
the most successful is due to Balmer, whose

formula has yielded excellent results in the hands of Rydberg,

Runge and Paschen, Kayser, Lorenz, Zeeman, and others.

There is, however, a vast unexplored field in spectroscopy

;

for although the visible waves, as well as those in the ultra-

violet part of the spectrum, have been investigated in many

instances, the infra-red waves have been hardly looked for.
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Langley, indeed, has measured the lines in the infra-red part

of the solar-spectrum by means of his bolometer,” an instru-

ment capable of detecting very minute differences of tempera-

ture
;
but this instrument has been little applied to the spectra

emitted by gases or by hot solids.

Speculations regarding the reason of chemical combination

date from the earliest times. The word “ affinity,” or “ chemical

affinity,” calls us back to the time of Hippocrates, whose view

was that “ like draws to like
;
” that substances which combine

must have something in common, like wine and water, silver

and gold. As solution and mixture passed in those days for

combination, there was some reason for his dictum. Empe-

docles, the first atomist, held a different view, founded on

imaginary hates and loves between the atoms. In the Middle

Ages, even quainter ideas are to be met with
;
that the particles

of the acid solvents are sharp, like needles or spears, and that

they transfix and support the particles of dissolved metal

;

that sweet liquids are sweet, because of the rounded form of

their ultimate particles; and that they therefore have not a

similar solvent action. With Newton a new view arose. He
himself did not believe that affinity was due to an attraction

identical with that of gravitation
;
but leant to the view that the

force varied inversely with some higher power of the distance

than the square. But Buffon, the French naturalist, in spite of

Newton’s well-considered thought, supposed that the form of

the objects attracting—the ultimate particles—could make it

possible that the laws of the inverse square held for chemical

attraction
;

and his views were widely disseminated and

accepted.

Davy’s and Berzelius’s electro-chemical theories have

already been alluded to, and need not be further discussed here.

Attempts to arrange qualitatively the order of affinity of the

elements for each other were frequently made in the eighteenth
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century. As early as 1718, Geoffrey arranged in order various

chemical substances (for elements in the modern sense of the

word were even then not recognized) in the order of what he

supposed to be their affinity for each other. For instance,

under “ metallic substances ” we find the order—iron, copper,

lead, mercury, silver, as regards their affinity for nitric acid
;
and

for vitriolic acid the order was—sulphurous or oily principle, fixed

alkali, volatile alkali, absorbent earth {i.e. calcium carbonate),

iron, copper, silver, and so on. The idea which guided him he

expressed thus :
“ Whenever two substances, which have some

inclination to combine, are combined with each other, and a

third is presented to them which has more affinity to one of

the two than the other, that other is expelled.” The same

idea was fully elaborated by Torbjorn Bergmann in 1783. He
distinguished between various kinds of attraction : for example,

particles of the same kind were held together by attractio aggre-

gationis ; compounds remained compounds by virtue of attractio

compositionis, which might be of two kinds, according as they

had been prepared in solution {attractio solutionis) or by

fusion {attractio fusionis). Simple expulsion of one constituent

out of a compound by the action of another was due to attractio

simplex electiva

;

while exchange between the constituents of

two compounds was caused by attractio duplex. Attempts not

merely to determine the order, but also the relative amount of

such affinities, were made by De Morveau (1793) ;
he attempted

to ascertain the relative affinities of metals for mercury by

measuring the weights required to separate plates of a number

of metals of the sa^ne size from a surface of mercury, and

concluded that as adhesion and affinity must be fundamentally

the same, he was measuring relative affinity. He also gave

six laws of affinity : that only liquids act
;
that affinity takes

place only between the smallest particles of substance
; that

the affinity between any two substances is partly conditioned

by the relative amount of each
;
that chemical affinity acts only
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if it can overcome cohesion
;

that compounds differ entirely in

properties from their constituents
;
and that affinity is greatly

influenced by temperature.

We have here a statement that the relative amounts of

substance present influence their behaviour as regards a third.

This law was originally stated by Wenzel in 1777, in this

form : The affinities of bodies for a common solvent are

inversely as their rates of solution in that solvent
;

also, that

the strength of chemical action is proportional to the concen-

tration of the acting material. Count Berthollet, independently

of Wenzel, enunciated the same doctrine in 1799, stated

clearly that it was impossible, as Bergmann had attempted, to

arrange substances in a definite order of chemical affinity, but

that the affinity was deeply affected by the relative amounts of

substances present. He succeeded in reversing the actions

which had hitherto been supposed to decide the order of

chemical affinity : for example, he decomposed barium sulphate

by boiling potash
;
potassium sulphate by boiling milk of lime

;

calcium oxalate by nitric acid, and so on. Although in each

case only a partial decomposition was attained, yet that

decomposition occurred at all was regarded by him as a proof

that a large quantity of a reagent could reverse the order of

chemical affinity. He regarded these reversed actions to be due

to the small surface of the precipitate, compared with the large

and constantly renewed surface of the acting liquid
;
so that when

a liquid acts on a solid, the activity of the liquid is conditioned

not by its total amount, but by the degree of its concentration

;

and similarly for gases. For when a gas is liberated by any

reaction, it removes itself, and can no longer act on the dis-

solved substances; hence a comparatively small quantity of

reagent is capable of liberating a large quantity of gas. The

elasticity of the gas may be regarded as a force acting in

opposition to the affinities of liquids. Combination may be

either helped or hindered by a rise of temperature
;
helped, if
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the rise of temperature so diminishes the cohesion of the acting

substances as to increase chemical action
;
hindered, if one

of the substances changes its state by the rise of temperature

and removes itself from the sphere of action. The action of

solvents is in reality the overcoming of cohesion, so that the

affinities of the dissolved substances can manifest themselves.

It is thus evident that Berthollet’s ideas on the measurement

of chemical affinity differed in important respects from those

of his predecessors. According to him, at least one of the

reacting substances must separate, in order that a reaction shall

take place; the state of equilibrium is thus destroyed, and the

reaction proceeds until so much of one or other substance

separates as to restore the balance.

But Berthollet was misled into making the false statement

that the composition of compounds may varj within limits, and

that the proportion of the constituents of each compound

depends on the relative proportion in which the constituents

are present during the process of its formation. Proust, a

countryman of Berthollet’s, refuted Berthollet’s statement by

direct experiment, and showed that the supposed compounds

on which Berthollet based his contention were not really

definite compounds, but mixtures. The definite and invariable

composition of chemical compounds, as has been already stated,

was fixed by Dalton and by Berzelius.

While, then, it is true that the relative amount of a com-

pound formed during any reaction is conditioned by the

proportions of the reacting substances present, it, does not

follow that the composition of the compound itself is thus

affected
;
nor is it true, as Berthollet fancied, that the relative

affinities of acids are to be gauged by the relative amounts

required to saturate a given base. While Gay-Lussac saw this

error, he defended Berthollet’s main contention, and maintained

that the partition of acids with a base sufficient to saturate only

one of them was affected by the relative amounts of the acids
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present. But the difference between altering the relative amount

of a compound formed and altering the composition of the

compound is a fundamental one.

Berthollet’s work, Essai de Sfatiqtie Chimique^ was conse-

quently soon forgotten
;
and it was not until 1835 that the

question was revived by Persoz, Professor at Strassburg, who

attempted to give a table analogous to Bergmann’s of the relative

affinity of oxides for acids. And Berthollet’s views were

resuscitated for analytical purposes by Rose in 18^12, and later,

in 1853, by Bunsen. Bunsen exploded a mixture of hydrogen

and carbon monoxide with an amount of oxygen insufficient

for both, and concluded that instead of a gradual progression

in the proportions of water vapour and carbon dioxide pro-

duced, the ratio remained definite until a certain excess of

oxygen was present, and that it then altered suddenly
;
so that

there was always a definite molecular proportion between the

amounts of the two products of oxidation. Similar results were

obtained by his assistant Debus, in precipitating carbonates of

calcium and barium by the action of carbon dioxide or their

hydroxides. But these experiments were subsequently proved

to be erroneous.

The law of “ mass-action,” although foreshadowed by re-

searches of Biot (1835) was first stated in precise terms by

Wilhelmy in 1850. In order to examine the state of equi-

librium in any system, it is clear that the conditions must not

be changed : for example, the solution must not be concen-

trated by evaporation; nor must other substances be added;

nor must the temperature be altered; nor must the solvent be

changed, as, for example, by the addition of alcohol to an

aqueous solution
;
hence some physical property must be made

use of, which shall reveal the result of the change which has

taken place, without disturbing equilibrium.

For this purpose Wilhelmy made use of the rotation of the

plane of polarized light caused by cane-sugar, and by its products
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of decomposition on treatment with an acid, dextrose and .levu-

lose. In this way the rate of change could be measured with-

out the introduction of any foreign substance. This law and

its consequences will be fully considered in the volume on

chemical dynamics. In 1855, J. H. Gladstone made use of

the colours of solutions of reacting substances and their

products to investigate the position of equilibrium, and in one

instance he employed the rotation of polarized light
;
and to him

belongs the credit of pointing out that after this manner tables

of relative affinity could be constructed. Berthelot and Pean

de St. Gilles, in 1862 and 1863, in investigating the action of

acids on alcohols, which is attended with the formation of

esters, did much to elucidate the nature of chemical action.

They showed that the action is a gradual one
;
that it is never

complete, but that the amount of ester formed tends towards a

limiting value
;
and that this limit is the same, whether it be

reached by the action of acid on alcohol, or of water on ester.

They also showed that the rate of action, but not the limit, was

greatly increased by rise of temperature, and that pressure

has little influence on the process. Their conclusion agreed

with that of Wilhelmy, that the quantity of ester formed at

any moment is proportional to the product of the acting

masses, and inversely proportional to the volume they occupy.

About this date (1857) Deville began to publish his results

of experiments on dissociation, which have already been

alluded to. He drew an analogy between the temperature of

dissociation of a compound and the boiling point of a liquid

;

or, 4o be more precise, the pressure exercised by a gaseous

constituent of the dissociating body at a given temperature,

and the pressure exerted by the vapour of a liquid at a given

temperature. With rise of temperature, vapour pressure

increases
;
and similarly with rise of temperature the pressure

due to dissociation increases. Curiously enough, however,

Deville was against the theory of mass-action
;
and yet his
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experiments furnish one of the most striking proofs of the

justice of that doctrine.

The first attempt to determine the value of chemical

affinity by help of the then recently developed ideas of thermo-

dynamics is due to Julius Thomsen, of Copenhagen (1854).

Defining “ affinity ” as that force which holds together the

constituents of a compound, he believed that it was possible to

measure the amount of that force by measuring the evolved

in a reaction by which the body was formed, which would be

equivalent to the heat required to decompose the body—that

is, he thought it possible to measure a force in terms of an energy.

He also believed that all chemical changes which take place

spontaneously, or after being started, are necessarily accom-

panied by an evolution of heat. It is true that he was acquainted

with changes, such as the solution of salts in water, which were

attended by absorption, and not evolution of heat; but he

attempted to explain away such cases by premising that it was

only purely chemical actions which were attended by evolution

of heat.

In 1867, Berthelot independently announced the same

principle
;
and a somewhat heated discussion between Thomsen

and Berthelot took place in 1873, as to claims of priority and

as to the exact nature of the statement involved, which need

not be further pursued, inasmuch as the matter in dispute was

a false statement.

But the question had been solved by Waage, former Pro-

fessor of Chemistry, and Guldberg, Professor of Mathematics, at

Christiania, who published, in 1865, a pamphlet termed Etudes

stir les Affinit'es chimiques. The fundamental idea of this work

was the law of mass-action : that the chemical action is propor-

tional to the quantities of substances acting ; the last being deter-

mined by the amounts in unit volume. If two substances act on

each other, the action is proportional to the relative amount of

each, and will be zero if the amounts of acting bodies is zero,
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and therefore it is proportional to the product of the* two.

Further, the action will depend on the nature of the substances,

on the temperature, and on other circumstances
;
these influ-

ences can be expressed by a factor, hence the “ force ” of the

chemical affinity can be represented by the expression kpq^ if

k is the factor, and p and q are the acting masses. But this

action is balanced by forces acting in opposition to the forma-

tion of the new system, which tend to restore the primary con-

dition of the substances. If the substances formed by the

original reaction are and y', and the new factor equilibrium

will be established when kpq = Jip'p, Although it is not pos-

sible to calculate the actual amount of the “ chemical forces,”

it is possible to calculate their ratio, by knowing the position

of equilibrium, when the reaction has gone as far as it will,

under a given set of conditions. The actual result of such calcu-

lations is, however, to give the relative velocities of chemical

reactions; and van’t Hoff, in 1877, pointed out that it is suffi-

cient to confine attention to such velocities, and not to ascribe

the velocities to an impelling force, and thereby to introduce

mechanical ideas which are unnecessary for the purpose.

Guldberg and Waage proved their thesis by many experimental

researches
;
while in 1869 Julius Thomsen had shown that the

problem can be solved by thermochemical measurements.

Ostwald, in 1876, made quantitative measurements of volume-

changes during reactions, which also afforded data for the proof

of the law.

Horstmann was the first to apply thermodynamics to

chemical processes (1869), treating first the problems of dis-

sociation. The similarity between dissociation and vapour

pressure makes it possible to treat the former in the same

manner as the latter, because both classes of reaction are

reversible. Berthelot’s and Thomsen’s law, implying that that

change necessarily takes place which is accompanied by a dis-

sipation of energy^ was replaced by another : that of all possible
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systems that one is 7nost stable m which the entropy is at its

maximum. The consideration of this doctrine will be found

in the volume on Thermodynamics. This principle was

later announced by Lord Rayleigh. The most remarkable

advance in this direction, however, is due to Willard Gibbs

(1874-1878). It is hardly too much to say that all subsequent

advances are merely applications and variatioits of Gibbs’s

fundamental considerations. In his epoch-making work, Gibbs

treats of the chemical potential of a substance, of coexisting

phases of matter, of cases of mixture of ideal gases as regards

their equilibrium with liquids and solvents, or with solids, of

surface-tension, and of electric action between bodies.

In van’t Hoff’s Etudes de dynamique chvnique (1884),

numerous instances are adduced of the application of the laws

of chemical dynamics, and the influence of temperature was

especially studied. And after Arrhenius of Stockholm had

brought out his theory of the independent existence of ions

in solutions (1884), van’t Hoff in 1887, as has already been

narrated, drew deductions from measurements of osmotic

pressure by de Vries and by Pfeffer, of the depression of

vapour pressure and of rise of boiling point of solvents caused

by dissolved substance, and of lowering of freezing points

investigated by Raoult, and of Arrhenius’s determinations of

electric conductivity, and welded all these ideas into a homo-

geneous whole.

The present volume, which forms the first of the series of

works dealing with physical chemistry which it is proposed to

publish, treats of the Phase Rule, one of the subjects treated of

by Willard Gibbs, in which many of the considerations touched

on in the foregoing pages are introduced.

It is proposed, in subsequent volumes, to treat of Stoichio-

metry^ or the various methods employed to determine atomic

and molecular weights, and the classification of compounds

(Professor Sydney Young, D.Sc., F.R.S.)
;

of the Relations



48 THE STUDY OF PHYSICAL CHEMISTRY

between Chemical Constitution and Physical Properties (Samuel

Smiles, D.Sc.)
;
Electro-chemistry (R. A. Lehfeldt, D.Sc.)

;
of

Spectroscopy (E. C. C. Baly, F.I.C.)
;

of Thermodynamics

(F. G. Donnan, M.A., Ph.D.)
;
and of Chemical Dynamics

(J. W. Mellor, D.Sc.). In these volumes the main divisions

of the subject will be covered,' while each will be as com-

plete a treatise in itself as is possible, without undue over-

lapping. In each the subject will be brought up to the date of

the latest discovery
;
and although it is, of course, impossible to

avoid compilation, original papers will be the chief sources of

information
;
while each of the authors has special knowledge

of the branch of which his work treats. It is hoped that these

volumes will be published at short intervals
;
and if there is

found to be a sufficient demand for them, it will be possible to

issue frequent new editions, so as to keep abreast of a vast

subject, which is progressing at a rate hitherto unknown in the

history of Chemistry.
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^/ZZ K—EXPLANATORY MENSURATION. By the Rev.
Alfred Hiley, M.A. With a Chapter on Land Surveying by the Rev. John
Hunter, M.A. Containing numerous Examples, and embodying many of the

Questions set in the Local Examination Papers. With Answers. i2mo., 2j. 6d,

IN/NTER,—MENSURATION AND LAND SURVEYING.
By the Rev. John Hunter, M.A. i8mo., is. Key, is.

Z(9Z)(?Z;.—MENSURATION FOR SENIOR STUDENTS. By
Alfred Lodge, M.A.

,
late Fereday Fellow of St. John’s College, Oxford;

Professor of Pure Mathematics at the Royal Indian Engineering College,

Cooper’s Hill. With Answers. Crown 8vo., 4L 6d.

LONGMANS^ SCHOOL MENSURATION. By Alfred J.
Pearcf, B.A. (Inter.), Hons. Matric. (London). With numerous Diagrams.
Crown 8VO. With or without Answers, 2s. 6d,
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lYIENSURATlON, SURVEYING, E.TC.— Continued,

LONGMANS’ JUNIOR SCHOOL MENSURATION. To meet
the Requirements of the Oxford and Cambridge Junior Local Examinations,
the College of Preceptors, etc. By W. S. Beard, F.R.G.S., Head Master of

Fareham Modern School, With Answers to Exercises and Examination Papers.

Crown 8vo.
,
is.

LUFTOJV.—A PRACTICAL TREATISE ON MINE SURVEY-
ING. By Arnold Lupton, Mining Engineer, Certificated Colliery Manager,
Surveyor, Member of the Institution of Civil Engineers, etc. With 216 Illus-

trations. Medium 8vo., 12^. net.

PRACTICAL MENSURATION. By A. Nesbit.
Illustrated by 700 Practical Examples and 700 Woodcuts. i2mo., 3.9. 6d.

Key, 5^.

SMITIf.—ClRCVhAR SLIDE RULE. By G. L. Smith.
Fcp. 8vo., 1.9. net.

ALGEBRA, ETC.
For other Books, see Longmans Co*s Catalogue of Edticational and School Books.

ANNALS OF MATHEMATICS. {Published under the
Auspices of Harvard University,) Issued Quarterly. 4to., 2.9. net.

CONSTABLE and Af/ZZA.—ELEMENTARY ALGEBRA UP
TO AND INCLUDING QUADRATIC EQUATIONS. By W. G. Con-
stable, B.Sc., B.A.

,
and J. Mills, B.A. Crown 8vo.

,
is. With Answers,

IS. 6d,

Also in Three Parts. Crown 8vo.. cloth, limp, gd. each. Answers. Three
Parts. Crown 8vo., paper covers, 6d. each.

CPACKNELL.—VKACTICKL MATHEMATICS. By A. G.
Cracknell, M.A., B.Sc., Sixth Wrangler, etc. With Answers to the
Examples. Crown 8vo., ^s. 6d.

LONGMANS’ JUNIOR SCHOOL ALGEBRA. By William S.

Beard, F.R G.S., Head Master of the Modern School, Fareham. Crown 8vo.,

IS, 6d. With Answers, 2.9.

MELLOP.—mGHER MATHEMATICS FOR STUDENTS
OF CHEMISTRY AND PHYSICS. With special reference to Practical

Work. By J. W. Mellor, D.Sc., Research Fellow, The Owens College,
Manchester. With 142 Diagrams. 8vo.

,
12.9. 6d. net.

SMITJL.—Works by J. HAMBLIN SMITH, M.A.

ELEMENTARY ALGEBRA. New Edition, with a large num
ber of Additional Exercises. With or without Answers. Crown 8vo.

,
3.9. 6d.

Answers separately, 6d. Key, Crown 8vo., gs.

*** The Original Edition of this Book is still on Sale, price is. 6d.

EXERCISES IN ALGEBRA. With Answers. Fcap. 8vo.,
IS. 6d. Copies may be had without the Answers.

WELSFORD AND MA Fl?.—ELEMENTARY ALGEBRA. By
J. W. Welsford, M.A.

,
formerly Fellow of Gonville and Caius College,

Cambridge, and C. H. P. Mayo, M.A., formerly Scholar of St. Peter’s College,
Cambridge; Assistant Masters at Harrow School. Crown 8vo,, 3^. 6d,^ qr
with Answers, 4J. Cid.
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CONIC SECTIONS, ETC.

CASEY.—

k

TREATISE ON THE ANALYTICAL GEO-
METRY OF THE POINT, LINE, CIRCLE, AND CONIC SECTIONS.
By John Casey, LL.D,, F. R.S. Crown 8vo. , 12.L

SALMON.—

K

TREATISE ON CONIC SECTIONS, containing
an Account of some of the most Important Modern Algebraic and Geometric
Methods. By G. Salmon, D.D., F.R.S. 8vo.

,
I2J.

GEOMETRICAL CONIC SECTIONS. By J.
Hamblin Smith, M.A. Crown 8vo., 3s. 6d.

THE CALCULUS, LOGARITHMS, ETC.

BAEEEE. —GRATmCAL CALCULUS. By Arthur H.
Barker, B.A., B.Sc. With an Introduction by John Goodman, A.M.I.C.E.
With 61 Diagrams. Crown 8vo.

,
4s. 6d,

MUERAY.—Norks by DANIEL ALEXANDER MURRAY,
Ph.D.

AN INTRODUCTORY COURSE IN DIFFERENTIAL
EQUATIONS. Crown 8vo.

,
4^. 6d.

A FIRST COURSE IN THE INFINITESIMAL CAL-
CULUS. Crown 8vo., js. 6d.

anEA.—K^ ELEMENTARY TREATISE ON LOGAR^
ITHMS, EXPONENTIAL AND LOGARITHMIC SERIES, UNDETER-
MINED CO-EFFICIENTS, AND THE THEORY OF DETERMINANTS.
By James J. O’Dea, M.A. Crown 8vo., 2s.

7:^Z^.—PRINCIPLES OF THE DIFFERENTIAL AND
INTEGRAL CALCULUS. By Thomas Tate. i2mo., 4s. 6d.

TA YLOR.—Nox\% by F. GLANVILLE TAYLOR.
AN INTRODUCTION TO THE DIFFERENTIAL AND

INTEGRAL CALCULUS AND DIFFERENTIAL EQUATIONS. Cr.
8vo., 9s.

AN INTRODUCTION TO THE PRACTICAL USE OF
LOGARITHMS, WITH EXAMPLES IN MENSURATION. With
Answers to Exercises. Crown 8vo., is. 6d.

WILLIAMSON—Works by BENJAMIN WILLIAMSON, D.Sc.

AN ELEMENTARY TREATISE ON THE DIFFERENTIAL
CALCULUS; containing the Theory of Plane Curves with numerous
Examples. Crown 8vo., 10s. 6d.

AN ELEMENTARY TREATISE ON THE INTEGRAL
CALCULUS; containing Applications to Plane Curves and Surfaces, and
also a Chapter on the Calculus of Variations, with numerous Examples.
Crown 8vo., los. 6d,
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GEOMETRY AND EUCLID.
*^ For other Works, see Longmans Co/s Catalogue of Educational and School Books.

— GREEK GEOMETRY FROM THALES TO
EUCLID. By G. J. Allman. 8vo.

,
loi ^d.

^A?i?Z^ZZ.—ELEMENTARY GEOMETRY. By Frank R.
Barrell, M.A., B.Sc., Professor of Mathematics, University College, Bristol.

Section I. Part I.
,
being the subject-matter of Euclid, Book I. Crown 8vo.

,
is.

Section I. Part II., containing the subject-matter of Euclid, Book III. 1-34, and
Book IV. 4-9. Crown 8vo.

,
is.

Section I. complete. Crown 8vo.
, 2s.

Section II., containing the remainder of Euclid, Books III. and IV., together with
the subject-matter of Books II. and VI. With explanation of Ratio and Pro-
portion, Trigonometric Ratios and Measurement of Circles. Crown 8vo., is. 6d.

Sections I. and II. in one volume. Crown 8vo., y. 6d.

Section III., containing the subject-matter of Euclid, Book XT., together with a
full treatment of volume and surface of the cylinder, cone, sphere, etc. Crown
8vo., IS. 6d.

Sections I., II. and III. complete in one volume. Crown 8vo., 4^'. 6d.

CAS£:V.—Works by JOHN CASEY, LL.D., F.R.S.

THE ELEMENTS OF EUCLID, BOOKS I.-VI. and Pro-
positions, I.-XXL of Book XL, and an Appendix of the Cylinder, Sphere,
Cone, etc. With Copious Annotations and numerous Exercises. Fcp. 8vo.,

4s. 6d. Key to Exercises. Fcp. 8vo., 6s.

A SEQUEL TO THE ELEMENTS OF EUCLID. Part 1.

Books I.-VI. With numerous Examples. Fcp. 8vo., y. 6d.

A TREATISE ON THE ANALYTICAL GEOMETRY OF
THE POINT, LINE, CIRCLE AND CONIC SECTIONS. Containing
an Account of its most recent Extension. Crown 8vo.

,
12s.

JIAMILTOJV.—ELEMENTS OF QUATERNIONS. By the
late Sir William Rowan Hamilton, LL.D., M.R.I.A. Edited by Charles
Jasper JOLY, M. A., Fellow of Trinity College, Dublin. 2vols. 4to. 21j.net each.

LONGMANS’ LIST OF APPARATUS FOR USE IN GEO-
METRY, ETC.

I. LONGMANS’ ENGLISH AND METRIC RULER. Marked on one edge
in Inches, Eighths, Tenths and Five-fifths. Marked on the other edge in

Centimetres. Price id. net.

2. LOW’S IMPROVED SET SQUARES. Designs A & B. 45° to 60°

A I 45° 4" I
A 2 45° 6" V

A 3 45° ^h'

(Bi
rJ B 2

Ib3

45
45'

3 45‘

4" each i/- net.

6" „ 1/3 ,,

8i" .. 2/- „

A I 60° 4'

A 2 60° 6'

A 3 60° 84"

1
fBi

j-or^ B 2

J Us

60° 4" each i/- net.

2 60° 6"
,, 1/3 ,,

3 60° 84" „ 2/. „

3.

LOW’S IMPROVED PROTRACTORS (Celluloid). Protractor No. 2. 3"
radius, marked in degrees, 6d. net. Protractor No. 3. 4" radius, marked in

4-degrees, gd. net.

4.

LOW’S ADJUSTABLE PROTRACTOR SET SQUARE. 2J. 6d. net.

5.

LONGMANS’ BLACKBOARD ENGLISH AND METRIC RULE. One
Metre

;
marked in decimetres, centimetres, inches, half-inches and quarter-

inches. 2s. 6d,
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CEOIVIETRY AND Continued,

Z(9 ^.—TEXT-BOOK ON PRACTICAL, SOLID, AND DE-
SCRIPTIVE GEOMETRY. By David Allan Low, Professor of Engineer-
ing, East London Technical College. Crown 8vo.

Part I. With 114 Figures, 2s, Part 11 . With 64 Figures, ^s,

THE DIAGRAM MEASURER. An Instrument for measuring
the Areas of Irregular Figures and specially useful for determining the Mean
Effective Pressure from Indicator Diagrams from Steam, Gas and other
Engines. Designed by D. A. Low. With Full Instructions for Use. is, net.

MORRIS AND HUSBAND,— PLANE AND
SOLID GEOMETRY. By I. Hammond Morris and Joseph Husband.
Fully Illustrated with Drawings. Crown 8vo., q.s. 6d.

GEOMETRICAL DRAWING FOR ART STU-
DENTS. Embracing Plane Geometry and its Applications, the Use of Scales,

and the Plans and Elevations of Solids as required in Section I. of Science
Subjects. By I. Hammond Morris. Crown 8vo., 2j.

ELEMENTS OF GEOMETRY. By J. Hamblin
Smith, M.A. Containing Books i to 6, and portions of Books ii and 12, of

Euclid, with Exercises and Notes. Cr. 8vo., 3^. 6d. Key, crown 8vo., 8s. 6d.

Books I and 2, limp cloth, i5. 6d., may be had separately.

SI'OOJVEJi.—THE ELEMENTS OF GEOMETRICAL DRAW-
ING : an Elementary Text-book on Practical Plane Geometry, including an
Introduction to Solid Geometry, Written to include the requirements of the

Syllabus of the Board of Education in Geometrical Drawing and for the use of

Students preparing for the Military Entrance Examinations. By Henry J.

Spooner, C.E., M.Inst.M.E. Crown 8vo., 3^. 6d.

IF/ZACW.—GEOMETRICAL DRAWING. For the use of
Candidates for Army Examinations, and as an Introduction to Mechanical
Drawing. By W. N. Wilson, M.A. Parts I. and II. Urown 8vo., 4s. 6d. each

IF/iFZZi?.— ELEMENTARY GEOMETRICAL DRAWING.
By S. H. Winter. Part I. Including Practical Plane Geometry, the Construc-

tion of Scales, the Use of the Sector, the Marquois Scales, and the Protractor.

With 3 Plates and 1000 Exercises and Examination Papers. Post 8vo., 5^.

OPTICS, PHOTOGRAPHY, ETC.
A TREATISE ON PHOTOGRAPHY. BySirWiLLiAM

DE WiVELESLiE Abney, K.C.B., F.R.S., Principal Assistant Secretary of the

Secondary Department of the Board of Education. With 134 Illustrations.

Fcp. 8vo., 5i-.

DRUDR,—THE THEORY OF OPTICS. By Paul Drude,
Professor of Physics at the University of Giessen. Translated from the German
by C. Riborg Mann and Robert A. Millikan, Assistant Professors of

Physics at the University of Chicago. With no Diagrams. 8vo., i^s. net.

GLAZEBJiOox.—EUYSICAE OPTICS. By R. T. Glaze-
BROOK, M.A.

,
F.R.S., Principal of University College, Liverpool. With 183

Woodcuts of Apparatus, etc. Fcp. 8vo.
,

6.y.

VANDERPOEL.—OOEOE PROBLEMS : a Practical Manual
for the Lay Student of Color. By Emily Noyes Vanderpoel. With 117

Plates in Color. Square 8vo.
,
21J. net.

fPW/GJVr.—OPTICAL PROJECTION : a Treatise on the Use
of the Lantern in Exhibition and Scientific Demonstration. By Lewis Wright,
Author of ‘ Light ; a Course of Experimental Optics ’. With 232 Illustrations

Crown 8vo.
,
6s.
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TRIGONOMETRY.
CASEY.— h. TREATISE ON ELEMENTARY TRIGONO-

METRY. By John Casey, LL. D.
,
F. R. S.

,
late Fellow of the Royal U niversity

of Ireland. With numerous Examples and Questions for Examination. i2mo.
,
35.

GOODWIN,—VY.mY. AND SPHERICAL TRIGONOMETRY.
By H. B. Goodwin, M.A. In Three Parts, comprising those portions of the

subjects, theoretical and practical, which are required in the Final Examina-
tion for Rank of Lieutenant at Greenwich. 8vo.

,
8l . 6d.

JONES.—YYYY BEGINNINGS OF TRIGONOMETRY. By
A. Clement Jones, M.A., Ph.D.

,
late Open Scholar and Senior Hulme

Exhibitioner of Brasenose College, Oxford
;
Senior Mathematical Master of

Bradford Grammar School. Crown 8vo., 2.s,

ELEMENTARY TRIGONOMETRY. By J. Hamblin
Smith, M.A. Crown 8vo.

,
4s. 6d. Key, 7s. 6d.

SOUND, LIGHT, HEAT, AND THERMODYNAMICS.
DEXTDD,—ELEMENTARY PRACTICAL SOUND, LIGHT

AND HEAT. By Joseph S. Dexter, B.Sc. (Lond.), Physics Master,
Technical Day School, The Polytechnic Institute, Regent Street. With 152
Illustrations. Crown 8vo., 2s. 6d.

EMTAGE.—LIGHT. By W. T. A. Emtage, M.A., Director of
Public Instruction, Mauritius. With 232 Illustrations. Crown 8vo., 6s.

HELMHOLTZ.—ON THE SENSATIONS OF TONE AS A
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Her-
mann von Helmholtz. Royal 8vo. ,

28^.

MAXWELL.—THLGTN OF HEAT. By J. Clerk Maxwell,
M.A., F.R.SS.

,
L. and E. With Corrections and Additions by Lord Ray

LEIGH. With 38 Illustrations. Fcp. 8vo., 4s. 6d.

TLANCH.—TREATISE ON THERMODYNAMICS. By Dr.
Max Planck, Professor of Theoretical Physics in the University of Berlin.

Translated, with the Author’s sanction, by Alexander Ogg, M.A.
, B.Sc.,

Ph.D., late 1851 Exhibition Scholar, Aberdeen University; Assistant Master,
Royal Naval Engineering College, Devonport. 8vo.

,
7s. 6d. net.

SMLTJL.—THE STUDY OF HEAT. By J. Hamblin Smith,
M.A., of Gonville and Caius College, Cambridge. Crown 8vo., 3^.

TYNDALL.—Works by JOHN TYNDALL, D.C.L., F.R.S.

See p. 36.

WORMELL.—A CLASS-BOOK OF THERMODYNAMICS.
By Richard Wormell, B.Sc., M.A. Fcp. 8vo., \s. 6d.

WRIGNT-Works by MARK R. WRIGHT, M.A.

SOUND, LIGHT, AND HEAT. With 160 Diagrams and
Illustrations. Crown 8vo.

,
2s. 6d.

ADVANCED HEAT. With 136 Diagrams and numerous
Examples and Examination Papers. Crown 8vo.

,
4^. 6d,
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ARCHITECTURE, BUILDING CONSTRUCTION, ETC.

ADVANCED BUILDING CONSTRUCTION. By the Author
of ‘ Rivingtons’ Notes on Building Construction’. With 385 Illustrations.

Crown 8vo.
,
4s. 6d,

STYLE IN FURNITURE. By R. Davis Benn.
With 102 Plates by W. C. Baldock. 8vo ., 21s. net.

ELEMENTARY PRACTICAL BUILDING CON-
STRUCTION. By F, W. Booker. With Illustrations. Crown 8vo., 2s. 6d.

BURRELL.—ELlLLmG CONSTRUCTION. By Edward J.
Burrell, Second Master of the People’s Palace Technical School, London.
With 303 Working Drawings. Crown 8vo., 2s. 6d.

G WILT.—AN ENCYCLOPEDIA OF ARCHITECTURE.
By Joseph Gwilt, F.S.A. Revised (1888), with Alterations and Considerable
Additions by Wyatt Papworth. With 1700 Engravings. 8vo., 21s. net.

HAMLIN.—

A

TEXT-BOOK OF THE HISTORY OF ARCHI-
TECTURE. By A. D. F. Hamlin, A.M. With 229 Illustrations. Crown
8vo., 7^ 6d.

BARKER AND UNWLN.—TELE ART OF BUILDING A
HOME : A Collection of Lectures and Illustrations. By Barry Parker and
Raymond Ujswin. With 68 Full-page Plates. 8vo., 10s. 6d. net.

RICJIARnS.—BRICKLAYING AND BRICKCUTTING. By
H. W. Richards, Examiner in Brickwork and Masonry to the City and Guilds
of London Institute, Head of Building Trades Department, Northern Poly-

technic Institute, London, N. With over 200 Illustrations. 8vo., 3^. 6d,

TO WE.—THE LIGHTING OF SCHOOLROOMS: a Manual
for School Boards, Architects, Superintendents and Teachers. By Stuart H.
Rowe, Ph.D. With 32 Illustrations. Crown 8vo., y. 6d. net.

SEEDOK—BUILDER'S WORK AND THE BUILDING
TRADES. By Col. H. C. Seddon, R.E. With numerous Illustrations.

Medium 8vo.
,

i6j.

TJLOMA S.—TUE VENTILATION, HEATING AND
MANAGEMENT OF CHURCHES AND PUBLIC BUILDINGS. By
J. W. Thomas, F.I.C., F.C.S. With 25 Illustrations. Crown 8vo., 2s. 6d.

VALDET.—BOOK OF TABLES, giving the Cubic Contents of
from One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually

imported or used in the Building Trades, together with an Appendix showing a
large number of sizes, the Contents of which may be found by referring to the

aforesaid Tables. By Thomas Valder. Oblong 4to., 6^. net.

RIYINGTONS’ COURSE OF BUILDING CONSTRUCTION.

NOTES ON BUILDING CONSTRUCTION. Medium 8vo.

Part I. With 695 Illustrations, loi*. 6d. net.

Part II. With 496 Illustrations, 10s. 6d. net.

Part III. Materials. With 188 Illustrations, iSs, net.

Part IV. Calculations for Building Structures. With 551
Illustrations, i3.y. net.
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STEAM, OIL, AND GAS ENGINES.
BALE.—

A

HAND-BOOK FOR STEAM USERS; being Rules
for Engine Drivers and Boiler Attendants, with Notes on Steam Engine and
Boiler Management and Steam Boiler Explosions. By M. Powis Bale,
M.I.M.E., A.M.I.C.E. Fcp. 8vo., 2j. 6d.

CZJSJ^X.—THE GAS AND OIL ENGINE. By Dugald
Clerk, Member of the Institution of Civil Engineers, Fellow of the Chemical
Society, Member of the Royal Institution, Fellow of the Institute of Patent

Agents. With 228 Illustrations. 8vo., 15^.

DIPLOCK.~K NEW SYSTEM OF HEAVY GOODS TRANS-
PORT ON COMMON ROADS. By Bramah Joseph Diplock. With 27
Illustrations and Diagrams. Medium 8vo.

,
6s. 6d. net.

FLE TCHER. — ENGLISH AND AMERICAN STEAM
CARRIAGES AND TRACTION ENGINES. By Wiltjam Fletcher,
M. Inst. Mech.E. With 250 Illustrations. 8 vo., 155. net.

HOLMES.— STEAM ENGINE. By George C. V.
Holmes, C.B., Chairman of the Board of Works, Dublin. With 212 Illustra-

tions. Fcp. 8vo., 6s.

LOW—THE DIAGRAM xMEASURER. An Instrument for

measuring the Areas of Irregular Figures and specially useful for determining the

Mean Effective Pressure from Indicator Diagrams from Steam, Gas and other

Engines. Designed by D. A. Low, Professor of Engineering, East London
Technical College, London. With Full Instructions for Use. is. net.

JVEILSOM—THE STEAM TURBINE. By Robert M.
Neilson, Associate Member of the Institute of Mechanical Engineers, etc.

With 28 Plates and 212 Illustrations in the Text. 8vo. , loi. 6d. net.

NOEELS.—A PRACTICAL TREATISE ON THE ‘OTTO’
CYCLE GAS ENGINE. By William Norris, M.I.Mech.E. With 207
Illustrations. 8vo. . ioj. 6d.

PARSONS,—^TEAM. BOILERS : THEIR THEORY AND
DESIGN. By H. de B. Parsons, B.S., M.E., Consulting Engineer;
Member of the American Society of Mechanical Engineers, American Society

of Civil Engineers, etc.
;

Professor of Steam Engineering, Rensselaer Poly
technic Institute. With 170 Illustrations. 8vo.

,
los. 6d. net.

ELBBEE.—Works by WILLIAM RIPPER, Professor of Engineer-

ing in the Technical Department of University College, Sheffield.

STEAM. With 185 Illustrations. Crown 8vo., 2s. 6d.

STEAM ENGINE THEORY AND PRACTICE. With 441
Illustrations. 8vo.

, pj.

SENNETTAND ORAM.—THE MARINE STEAM ENGINE;
A Treatise for Engineering Students, Young Engineers and Officers of the

Royal Navy and Mercantile Marine. By the late Richard Sennett,
Engineer-in-Chief of the Navy, etc.

;
and Henry J. Oram, Deputy Engineer-

in-Chief at the Admiralty, Engineer Rear Admiral in H.M. Fleet, etc. With
414 Diagrams. 8vo., 2i.y.

STROMEYER.—M.KEmE BOILER MANAGEMENT AND
CONSTRUCTION. Being a Treatise on Boiler Troubles and Repairs,

Corrosion, Fuels, and Heat, on the properties of Iron and Steel, on Boiler

Mechanics, Workshop Practices, and Boiler Design. By C. E. Stromeyer,
Chief Engineer of the Manchester Steam Users’ Association, Member of

Council of the Institution of Naval Architects, etc. With 452 Diagrams, etc.

^vo., I2S. net.
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ELECTRICITY AND MAGNETISM.
ARRHENIUS.—

K

TEXT-BOOK OF ELECTROCHEMIS-
TRY. By Svante Arrhenius, Professor at the University of Stockholm.
Translated from the German Edition by John McCrae, Ph.D. With 58
Illustrations. 8vo.

,
gj. 6d. net.

CAR US- WIISON—ELECTRO-BYI^AMICS : the Direct-
Current Motor. By Charles Ashley Carus-Wilson, M.A. Cantab. With
71 Diagrams, and a Series of Problems, with Answers. Crown 8vo., js. 6d.

CUMMING.—ELECTRICITY TREATED EXPERIMEN-
TALLY. By Linnaeus CuMMiNG, M.A. With 242 1 ) lustrations. Cr. 8vo.

,
45.

GOJ^jE.—THE ART OF ELECTRO-METALLURGY, including
all known Processes of Electro-Deposition. By G. Gore, LL.D., F.R.S. With
56 Illustrations. Fcp. 8vo., 6s.

iY£’A/Z).£'i?AC>W:—WorksbyJOHN HENDERSON,D.Sc.,F.R.S.E.

PRACTICAL ELECTRICITY AND MAGNETISM. With
I £^7 Illustrations and Diagrams. Crown 8vo.

,
ys. 6d.

PRELIMINARY PRACTICAL MAGNETISM AND ELEC-
TRICITY. Crown 8vo., is.

HIBBERT. — MAGNETISM AND ITS ELEMENTARY
MEASUREMENT. By W. Hibbert, F.I.C., A.M.I.E.E. With 55
Diagrams. Crown 8vo., o.s.

/A’AAYW:—ELECTRICITY AND MAGNETISM. By Fleeming
JENKIN, F.R.S., M.I.C.E. With 177 Illustrations. Fcp. 8vo., 3^. (id.

JOUBERT.—ELEWELTYKRY TREATISE ON ELECTRICITY
AND MAGNETISM. By G. Carey Foster, F.R.S.

;
and Alfred W.

Porter, B.Sc. Founded on Joubert’s ‘ Traits El^mentair^ d’ Electricity ’.

With 374 Illustrations and Diagrams. 8vo.
,
loj. 6d. net.

/(9 EXAMPLES IN ELECTRICAL ENGINEERING.
By Samuel Joyce, A.I.E.E. Crown 8vo., 5^.

MERRIFIELD.—WKGHETTSiW AND DEVIATION OF THE
COMPASS. By John Merrifield, LL.D., F.R.A.S., i8mo., 2s. 6d.

PARR.—TRACTICAL ELECTRICAL TESTING IN PHYSICS
AND ELECTRICAL ENGINEERING. By G. D. Aspinall Parr, Assoc.
M.I.E.E. With 231 Illustrations. 8vo.

,
8j. 6^/.

PO YSER.—SRorVs. by A. W. POYSER, M.A.
MAGNETISM AND ELECTRICITY. With 235 Illustrations.

Crown 8vo.
,
2j. 6d.

ADVANCED ELECTRICITY AND MAGNETISM. With
317 Illustrations. Crown 8vo.

,
4L 6d.

RHODES.—kH ELEMENTARY TREATISE ON ALTER-
NATING CURRENTS. By W. G. Rhodes, M.Sc. (Viet.), Consulting
Engineer. With 80 Diagrams. 8vo., ys. 6d. net.

SLINGO AND BROOKER.—T^oxVs by W. SLINGO and A.

BROOKER.
ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT

ARTISANS AND STUDENTS. With 383 Illustrations. Crown 8vo., lar.

PROBLEMS AND SOLUTIONS IN ELEMENTARY
ELECTRICITY AND MAGNETISM. With 98 Illustrations. Cr. 8vo. , 2j.

WorksbyJOHN TYNDALL, D.C.L.,F.R.S. Seep.36.
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TELEGRAPHY AND THE TELEPHONE.
HOPKINS. — TELEPHONE LINES AND THEIR PRO-

PERTIES. By William J. Hopkins, Professor of Physics in the Drexel
Institute, Philadelphia. Crown 8vo., 6.?.

PREECE AND TELEGRAPHY. By Sir W.
H. Preece, K.C.B.

,
F. R.S.

,
V. P. Inst., C.E.

,
etc., Consulting Engineer and

Electrician, Post Office Telegraphs
;
and Sir J. Siveweight, K.C.M.G., General

Manager, South African Telegraphs. With 267 Illustrations. Fcp. 8vo., 6s.

ENGINEERING, STRENGTH OF MATERIALS, ETC.
ANEERSON—THE STRENGTH OF MATERIALS AND

STRUCTURES : the Strength of Materials as depending on their Quality and
as ascertained by Testing Apparatus. By Sir J. Anderson, C.E., LL.D.

,

F.R.S.E. With 66 Illustrations. Fcp. 8vo., y. 6d.

BARRY.—ENHNIkT APPLIANCES: a Description of Details
of Railway Construction subsequent to the completion of the Earthworks and
Structures. By Sir John Wolfe Barry, K.C.B., F.R.S., M.I.C.E. With
218 Illustrations. Fcp. 8vo., 4^. 6d.

DIPLOCK.—K NEW SYSTEM OF HEAVY GOODS TRANS-
PORT ON COMMON ROADS. By Braham Jos.-.ph Diplock. With
27 Illustrations. 8vo. ,

6^^. 6d. net.

GOODMAN—MECHKmCS APPLIED TO ENGINEERING.
By John Goodman, Wh.Sch. , M.I.C.E., M.I.M.E., Professor of Engineering
in the University of Leeds. With 714 Illustrations and numerous Examples.
Crown 8vo.

,
gs. net.

LO W. — K POCKET-BOOK FOR MECHANICAL EN-
GINEERS. By David Allan Low (Whitworth Scholar), M.I.Mech.E.,
Professor of Engineering, East London Technical College (People’s Palace),

London. With over 1000 specially prepared Illustrations. Fcp. 8vo.
,
gilt edges,

rounded corners, js. 6d.

PARKINSON.— RAILWAY CONSTRUCTION. By
Richard Marion Parkinson, Assoc. M. Inst. C.E. With 85 Diagrams.
8vo.

,
lOi'. 6d. net.

SMITH.—GRAPHICS, or the Art of Calculation by Drawing
Lines, applied especially to Mechanical Engineering. By Robert H. Smith,
Professor of Engineering, Mason College, Birmingham. Part I. With
separate Atlas of 29 Plates containing 97 Diagrams. 8vo., 155.

STONE THEORY OF STRESSES IN GIRDERS
AND SIMILAR STRUCTURES; with Practical Observations on the

Strength and other Properties of Materials. By Bindon B. Stoney, LL.D.,
F.R.S., M.I.C.E. With 5 Plates and 143 Illust. in the Text. Royal 8vo., 365.

UNWIN—THE TESTING OF MATERIALS OF CONSTRUC-
TION. A Text-book for the Engineering Laboratory and a Collection of the

Results of Experiment. By W. Cawthorne Unwin, F.R.S., B.Sc. With 5
Plates and 188 Illustrations and Diagrams. 8vo.

,
16s. net.

ENGINEERING CONSTRUCTION IN IRON,
STEEL, AND TIMBER. By William Henry Warren, Challis Professor

of Civil and Mechanical Engineering, University of Sydney. With 13 Folding
Plates and 375 Diagrams. Royal 8vo.

, i6y. net.

}VHEELER.—THE SEA COAST : Destruction, Littoral Drift,

Protection. By W. H. Wheeler, M.Inst. C.E. With 38 Illustrations and
Diagram. Mediuni 8vo.

,
loj. 6d. net.
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LONGMANS* CIVIL ENGINEERING SERIES.
CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION.

By Leveson Francis Vernon-Harcourt, M.A.
,
M.Inst.C.E. With 368

Illustrations. Medium 8vo., 14^. net.

Contents.

—

Materials, Preliminary Works, Foundations and Roads—Railway Bridge and
Tunnel Engineering—River and Canal Engineering— Irrigation Works—Dock Works and
Maritime Engineering—Sanitary Engineering.

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C.
Colson, C.B., M.Inst.C.E. With 365 Illustrations. Medium 8vo., 21s. net,

CALCULATIONS IN HYDRAULIC ENGINEERING: a
Practical Text-Book for the use of Students, Draughtsmen and Engineers. By
T. Claxton Fidler, M.Inst.C.E.

Part I. Fluid Pressure and the Calculation of its Effects in En-
gineering Structures. With numerous Illustns. and Examples. 8vo.,6j. 6cf. net.

Part II. Calculations in Hydro- Kinetics. With numerous Illus-

trations and Examples. 8vo.
,
ys. 6d. net.

RAILWAY CONSTRUCTION. By W. H. Mills, M.I.C.E.,
Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illus-

trations and Diagrams. 8vo.
,

18.9. net.

PRINCIPLES AND PRACTICE OF HARBOUR CON-
STRUCTION. By William Shield, F.R.S.E. ,

M.Inst.C.E. With 97 Illus-

trations. Medium 8vo.
,
15J. net.

TIDAL RIVERS: their (i) Hydraulics,, (2) Improvement, (3)
Navigation. By W. H. Wheeler, M.Inst.C.E. With 75 Illustrations.

Medium 8vo.
,

i6.y. neL

NAVAL ARCHITECTURE.
ATTIVOOD.—Works by EDWARD L. ATTWOOD, M.Inst.N.A.,

Member of the Royal Corps of Naval Construction.

WAR SHIPS : A Text-book on the Construction, Protection,
Stability, Turning, etc., of War Vessels. With numerous Diagrams.
Medium 8vo., 10s. 6d. net.

TEXT-BOOK OF THEORETICAL NAVAL ARCHITEC-
TU RE : a Manual for Students of Science Classes and Draughtsmen Engaged
in Shipbuilders’ and Naval Architects’ Drawing Offices. With 114 Diagrams.
Crown 8vo., ys. 6d.

PRACTICAL SHIPBUILDING : a Treatise on the
Structural Design and Building of Modern Steel Vessels, the work of construc-

tion, from the making of the raw material to the equipped vessel, including
subsequent up-keep and repairs. By A. Campbell Hot.ms, Member of the
Institution of Naval Architects, etc. In 2 vols. (Vol. L, Text, medium 8vo.

;

Vol. 11.
,
Diagrams and Illustrations, oblong 4to.) 48.9. net.

WATSOJV.—NAYAh ARCHITECTURE : A Manual of Laying-
off Iron, Steel and Composite Vessels. By Thomas H. Watson, Lecturer on
Naval Architecture at the Durham College of Science, Newcastle-upon-Tyne.
With numerous Illustrations. Royal 8vo., 15.9. net.

WORKSHOP APPLIANCES, ETC.
ATOJ^THCOTT.—LATHES AND TURNING, Simple, Mecha-

nical and Ornamental. By W. H. Northcott. With 338 Illustrations. 8vo. ,i8j.

K—WORKSHOP APPLIANCES, including Descrip-
tions of some of the Gauging and Measuring Instruments, Hand-cutting Tools,
Lathes, Drilling, Planeing, and other Machine Tools used by Engineers. By
C. P. B. Shelley, M.I.C.E. With an additional Chapter on Milling by R,

R. Lister. With 323 Illustrations. Fcp. 8vo.
,
5L
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MACHINE DRAWING AND DESIGN.
LONGMANS’ LIST OF APPARATUS FOR USE IN GEO-

METRY, ETC.
I. LONGMANS’ ENGLISH AND METRIC RULER. Marked on one edge

in Inches, Eighths, Tenths and Five-fifths. Marked on the other edge in

Centimetres. Price id. net.

614!;° 4". each i/- net.

^B 2 45°6" ,, 1/3

IB 3 45" 84" „ 2/-

2. LOW’S IMPROVED SET SQUARES.
A I 45° 4"

^A 2 45° 6" y

A3 45" 64"

Designs A & B. 45° to 60°.

A I 60° 4" I IB I 60° 4" each i/- net.

A 2 60° 6" [or^ B 2 60° 6"
., 1/3 ,,

A 3 60° 84" J [b 3 60° 84" ,, 2/- ,,

LOW’S IMPROVED PROTRACTORS (Celluloid). Protracto’^r No. 2. 3"

radius, marked in degrees, 6d. net. Protractor No. 3. 4" radius, marked in

4-degrees, gd. net.

LOW’S ADJUSTABLE PROTRACTOR SET SQUARE. 2^. 6d. net.

LONGMANS’ BLACKBOARD ENGLISH AND METRIC RULE. One
Metre

;
marked in decimetres, centimetres, inches, half-inches and quarter-

inches. 2s. 6d.

A Detailed and Illustrated Prospectus will be sent on application.

LOW.—Works by DAVID ALLAN LOW, Professor of Engineer-

ing, East London Technical College (People’s Palace).

AN INTRODUCTION TO MACHINE DRAWING AND
DESIGN. With 153 Illustrations and Diagrams. Crown 8vo., 2s. 6d.

THE DIAGRAM MEASURER. An Instrument for measuring
the Areas of Irregular Figures and specially useful for determining the Mean
Effective Pressure from Indicator Diagrams from Steam, Gas and other

Engines. Designed by D. A. Lov\r. With Full Instructions for Use. is. net.

LOW AND BE VIS.—

A

MANUAL OF MACHINE DRAWING
AND DESIGN. By David Allan Low and Alfred William Bevis
M.I.Mech.E. With 700 Illustrations. 8wo.,7s.6d.

[/ALWIM—THE ELEMENTS OF MACHINE DESIGN. By
W. Cawthorne Unwin, F.R.S.

Part I. General Principles, Fastenings, and Transmissive
Machinery. With 345 Diagrams, etc. Fcp. 8vo., 7s. 6d.

Part II. Chiefly on Engine Details. With 259 Illustrations.

Fcp. 8VO., 6j.

MINERALOGY, MINING, METALLURGY, ETC.
BA UERMAJV.-—Works by HILARY BAUERMAN, F.G.S.

SYSTEMATIC MINERALOGY. With 373 Illustrations.

Fcp. 8vo.
,
6s.

DESCRIPTIVE MINERALOGY. With 236 Illustrations.

Fcp. 8vo., 6s.

BREARLEV and IBBOTSON. — THE ANALYSIS OF
STEEL-WORKS MATERIALS. By Harry Brearley and Fred
Ibbotson, B.Sc. (Lond.), Demonstrator of Micrographic Analysis, University

College, Sheffield. With 85 Illustrations. 8vo., 14s. net.

GOBB.- THE ART OF ELECTRO-METALLURGY. By G.
Gore, LL.D.

,
F.R.S. With 56 Illustrations. Fcp. 8vo. , Oi.
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IVIINERALOGY, ilVIININC, lYIETALLURCY, Continued.

HUNTINGTONAND MILLAN,—MKTALS: their Properties
and Treatment. By A. K. Huntington, Professor of Metallurgy in King’s
College, London, and W. G. M‘Millan, late Lecturer on Metallurgy in Mason’s
College, Birmingham. With 122 Illustrations. Fcp. 8vo., js. 6d.

lUTTON—Works by ARNOLD LUPTON, M.I.C.E., F.G.S., etc.

MINING. An Elementary Treatise on the Getting of Minerals.
With a Geological Map of the British Isles, and 596 Diagrams and Illustra-
tions. Crown 8vo.

,
gs. net.

A PRACTICAL TREATISE ON MINE SURVEYING.
With 209 Illustrations. 8vo., i2.y. net.

METALLURGY. By E. L. Rhead, Lecturer on
Metallurgy at the Municipal Technical School, Manchester. With 94 Illustra-

tions. Fcp. 8vo.
,
3J. 6d.

RHEAD AND ASSAYING AND METALLUR-
GICAL ANALYSIS for the use of Students, Chemists and Assayers. By E. L.
Rhead, Lecturer on Metallurgy, Municipal School of Technology, Manchester

;

and A. Humboldt Sexton, F.I.C., F.C.S., Professor of Metallurgy, Glasgow
and West of Scotland Technical College. 8vo., loi'. Cid. net.

RUTLEY.—IAANa study of ROCKS: an Elementary Text-
book of Petrology. By F. Rutley, F.G.S. With 6 Plates and 88 other Illus-

trations. Fcp. 8vo.
,
4J. Cid.

ASTRONOMY, NAVIGATION, ETC.

ABBOTT.—YA.YMEWIKKY THEORY OF THE TIDES:
the Fundamental Theorems Demonstrated without Mathematics and the In-

fluence on the Length of the Day Discussed. By T. K. Abbott, B.D.
,
Fellow

and Tutor, Trinity College, Dublin. Crown 8vo.
,

2.s.

BALL.—Ylo\\.% by Sir ROBERT S. BALL, LL.D., F.R.S.

ELEMENTS OF ASTRONOMY. With 130 Figures and Dia-
grams. Fcp. 8vo.

,
6s. 6d.

A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams.
Fcp. 8vo.

,
IS. 6d.

GILD—TEXT-BOOK ON NAVIGATION AND NAUTICAL
ASTRONOMY. By J. Gill, F.R.A.S. New Edition Augmented and Re-
arranged by W. V. Merrifield, B.A. Medium 8vo.

,
los. 6d. net.

HERSCHEL.—OOTEmEB OF ASTRONOMY. By Sir John
F. W. Herschel, Bart., K.H., etc. With 9 Plates and numerous Diagrams.
8vo.

,
IIS.

LAUGHTON—AN INTRODUCTION TO THE PRAC-
TICAL AND THEORETICAL STUDY OF NAUTICAL SURVEYING.
By John Knox Laughton,M. A., F.R. A. S. With 35 Diagrams. Crown 8vo., 6j.

NAVIGATION AND NAUTICAL ASTRONOMY.
Compiled by Staff Commander W. R. Martin, R.N. Royal 8vo. , i8r.
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ASTRONOIYIY, NAVIGATION, E.TO,- Continned,

MERRIFIELD,—k TREATISE ON NAVIGATION. For
the Use of Students. By J. Merrifield, LL.D., F.R.A.S., F.M.S. With
Charts and Dia^jrams. Crown 8vo.

,
55,

ELEMENTS OF ASTRONOMY. With Numerous
Examples and Examination Papers. By George W. Parker, M.A.

,
of

Trinity College, Dublin. With 84 Diagrams. 8vo.
,
5^. Cid. net.

WEBB,—CELESTIAL OBJECTS FOR COMMON TELE-
SCOPES. By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition,

Revised and greatly Enlarged by the Rev. T. E. Espin, M.A.
,
F.R.A.S. (Two

Volumes.) Vol. I., with Portrait and a Reminiscence of the Author, 2 Plates,

and numerous Illustrations. Crown 8vo., 6s. Vol. II., with numerous Illustra-

tions. Crown 8vo., 6j-. 6d.

WORKS BY RICHARD A. PROCTOR.
THE MOON : Her Motions, Aspect, Scenery, and Physical

Condition. With many Plates and Charts, Wood Engravings, and 2 Lunar
Photographs. Crown 8vo.

,
35. 6d.

OTHER WORLDS THAN OURS: the Plurality of Worlds
Studied Under the Light of Recent Scientific Researches. With 14 Illustrations

;

Map, Charts, etc. Crown 8vo.
,
3^. 6d.

OUR PLACE AMONG INFINITIES : a Series of Essays con-
trasting our Little Abode in Space and Time with the Infinities around us.

Crown 8vo., 3^. 6d.

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo.,

2S. 6d.

LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays
on Scientific Subjects, Natural Phenomena, etc. Crown 8vo., 35-. 6d.

THE ORBS AROUND US ;
Essays on the Moon and Planets,

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo.
,

3.^. 6d.

THE EXPANSE OF HEAVEN : Essays on the Wonders of the
Firmament. Crown 8vo.

,
3^. 6d.

OTHER SUNS THAN OURS : a Series of Essays on Suns—Old,
Young, and Dead. With other Science Gleanings. Two Essays on Whist,
and Correspondence with Sir John Herschel. With 9 Star-Maps and Diagrams
Crown 8VO.

,
35. 6d.

HALF-HOURS WITH THE TELESCOPE; a Popular Guide
to the LTse of the Telescope as a means of Amusement and Instruction. With
7 Plates. Fcp. 8vo.

,
2s. 6d.

^
NEW STAR ATLAS FOR THE LIBRARY, the School, and

the Observatory, in Twelve Circular Maps (with Two Index-Plates). With an
Introduction on the Study of the Stars. Illustrated by 9 Diagrams. Cr. 8vo., 55.

OVER.
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WORKS BY RICHARD A. Continued.

THE SOUTHERN SKIES: a Plain and Easy Guide to the
Constellations of the Southern Hemisphere. Showing in 12 Maps the position

of the principal Star-Groups night after night throughout the year. With an
Introduction and a separate Explanation of each Map. True for every Year.

4to., 5J.

HALF-HOURS WITH THE STARS : a Plain and Easy Guide
to the Knowledge of the Constellations. Showing in 12 Maps the position of

the principal Star-Groups night after night throughout the year. With Intro-

duction and a separate Explanation of each Map. True for every Year.
4to., y. net.

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS.
In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars, Nebulae, etc.

With 2 Index-Plates. Folio, ly,

THE STARS IN THEIR SEASONS: an Easy Guide to a
Knowledge of the Star-Groups. In 12 Large Maps. Imperial 8vo., 5.?.

ROUGH WAYS MADE SMOOTH. Familiar Essays on
Scientific Subjects. Crown 8vo., y. 6d.

PLEASANT WAYS IN SCIENCE. Crown 8vo., 3^. 6d.

NATURE STUDIES. By R. A. Proctor, Grant Allen, A.
Wilson, T. Foster, and E. Clodd. Crown 8vo., y. 6d.

LEISURE READINGS. By R. A. Proctor, E. Clodd, A.
Wilson, T. Foster, and A. C. Ranyard. Crown 8vo., jf. 6d.

PHYSIOGRAPHY AND GEOLOGY.
Works by CHARLES BIRD, B.A.

ELEMENTARY GEOLOGY. With Geological Map of the
British Isles, and 247 Illustrations. Crown 8vo., 2s. 6d.

ADVANCED GEOLOGY. A Manual for Students in Advanced
Classes and for General Readers. With over 300 Illustrations, a Geological

Map of the British Isles (coloured), and a set of Questions for Examination.

Crown 8vo., js. 6d.

GJiEEN.—VBN^lCKL GEOLOGY FOR STUDENTS AND
GENERAL READERS. By A. H. Green, M.A., F.G.S. With 236 Ulus-

trations. 8vo., 2i5.

MOEGAN.—^Noxks by ALEX. MORGAN, M.A., D.Sc., F.R.S.E.

ELEMENTARY PHYSIOGRAPHY. Treated Experimentally.
With 4 Maps and 243 Diagrams. Crown 8vo.

,
2s. 6d.

ADVANCED PHYSIOGRAPHY. With 215 Illustrations.

Crown 8vo., 4s. 6d.

EEAEE.—THE EVOLUTION OF EARTH STRUCTURE:
with a Theory of Geomorphic Changes. By T. Mellard Reade, F.G.S.

,

F. R. I.B.A.
,
A.M.I.C.E.

,
etc. With 41 Plates. 8vo.

,
2ij-. net.
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PHYSIOGRAPHY AND CEOLOGY-6V
THORNTON.—y^oxV^ by J. THORN I ON, M.A.

ELEMENTARY PRACTICAL PHYSIOGRAPHY.
Part 1 . With 215 Illustrations. Crown 8vo., 2s. 6d.

Part H. With 98 Illustrations. Crown 8vo., 2s. 6d.

ELEMENTARY PHYSIOGRAPHY: an Introduction to the
Study of Nature. With 13 Maps and 295 Illustrations. With Appendix on
Astronomical Instruments and Measurements. Crown 8vo., 2J. 6d.

ADVANCED PHYSIOGRAPHY. With ii Maps and 255
Illustrations. Crown 8vo., 45. 6d

NATURAL HISTORY AND GENERAL SCIENCE.
FURNEAUX.—WoxVs by WILLIAM FURNEAUX, F.R.G.S.

THE OUTDOOR WORLD
;

or, The Young Collector’s Hand-
book. With 18 Plates, 16 of which are coloured, and 549 Illustrations in the
Text. Crown 8vo.

,
6s. net.

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates
and 331 Illustrations in the Text. Crown 8vo.

,
6s. net.

BUTTERFLIES AND MOTHS (British). With 12 Coloured
Plates and 241 Illustrations in the Text. Crown 8vo., 65. net.

THE SEA SHORE. With 8 Coloured Plates and 300 Illustra-

tions in the Text. Crown 8vo., 6s. net.

NC/ESON.—Works by W. H. HUDSON, C.M.Z.S.

BRITISH BIRDS. Witli 8 Coloured Plates from Original
Drawings by A. Thorburn, and 8 Plates and loo Figures by C. E. Lodge,
and 3 Illustrations from Photographs. Crown 8vo.

,
6.y. net.

BIRDS AND MAN. Large Crown 8vo., 6s. net.

TZ/ZZ^/A.—Works by JOHN GUILLE MILLAIS, F.Z.S.

THE NATURAL HISTORY OF THE BRITISH SURFACE-
FEEDING DUCKS.. With 6 Photogravures and 66 Plates (41 in colours)
from Drawings by the Author, Archibald Thorburn, and from Photo-
graphs. Royal 4to., £6 6s. net.

THE MAMMALS OV GREAT BRITAIN AND IRELAND.
3 vols. Quarto (13 in. by 12 in.), cloth, gilt edges.

Volume I. With 18 Photogravures by the Author
; 31 Coloured Plates by the

Author, Archibald Tlorburn and G. E. Lodge; and 63 Uncoloured
Plates by the Author nnd from Photographs. £6 6s. net.

*** 0/tly 1,025 copies printedfor England and America.

JVAJVSEJV.—THE NORWEGIAN NORTH POLAR EX-
PEDITION, 1893-1896 : Scientific Results. Edited by Fridtjof Nansen.

Volume I. With 44 Plates and numerous Illustrations in the Text. Demy
4to,

,
40.y. net.

Volume II. With 2 Charts and 17 Plates. Demy 4to., 30J. net.

Volume III. With 33 Plates. Demy 4to., 32L net.

Volume IV. With 33 Plates. Demy 4to.
,
21s. net.

STANLEY.—

k

FAMli lAR HISTORY OF BIRDS. By E.
Stanley, D.D., fornKh; H o.'iop of Norwich, With i6p Illustrations, Crown
8vo., 3J. 6d,
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MANUFACTURES, TECHNOLOGY, ETC.

ASIfLEY.—BRlTlSH INDUSTRIES: A Series of General
Reviews for Business Men and Students. Edited by W. J. Ashley, M.A.,
Professor of Commerce in the University of Birmingham. Crown 8va

,
55. 6d. net.

JACQUARD WEAVING AND DESIGNING. By F. T.
Bell. With 199 Diagrams. 8vo., 12s. net.

LABORATORY STUDIES FOR BREWING
STUDENTS: a Systematic Course of Practical Work in the Scientific Prin-

ciples underlying the Processes of Malting and Brewing. By Adrian J.

Brown, M.Sc., Director of the School of Brewing, and Professor of the Biology
and Chemistry of Fermentation in the University of Birmingham, etc. With 36
Illustrations. 8vo., ys. 6d. net.

CROSSAND BE VAN.—Works by C. F. CROSS and E. J. BEVAN.

CELLULOSE : an Outline of the Chemistry of the Structural
Elements of Plants. With reference to their Natural History and Industrial

Uses. (C. F. Cross, E. J. Bevan and C. Beadle.) With 14 Plates.

Crown 8VO., 12s. net.

RESEARCHES ON CELLULOSE, 1895-1900. Crown 8vo.,

6s. net.

JACKSON.—

K

TEXT-BOOK ON CERAMIC CALCULA-
TIONS ; with Examples. By W. Jackson, A.R.C.S., Lecturer in Pottery

and Porcelain Manufacture for the Staffordshire Education Committee and the

Hanley Education Committee. Crown 8vo., 3.?. 6d. net.

MORRIS AND WILKINSON—THE ELEMENTS OF COT-
TON SPINNING. By John Morris and F. Wilkinson. With a Preface

by Sir B. A. Dobson, C.E., M.I.M.E. With 169 Diagrams and Illustrations.

Crown 8vo.
,
js. 6d. net.

BRICKLAYING AND BRICK-CUTTING. By
H. W. Richards, Examiner in Brickwork and Masonry to the City and Guilds

of London Institute, Head of Building Trades Department, Northern Poly-

technic Institute, London, N. With over 200 Illustrations. Med. 8vo., y. 6d.

TAYLOR.— WEAVING AND DESIGNING. By
John T. Taylor. With 373 Diagrams. Crown 8vo.

,
yr. net.

WATTS.—PCS INTRODUCTORY MANUAL FOR SUGAR
GROWERS. By Francis Watts, F.C.S., F.I.C. With 20 Illustrations.

Crown 8vo., 6s,
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HEALTH AND HYGIENE.

ASBB Y.—U¥.KLi:Yi IN THE NURSERY. By Henry Ashby,,
M.D.

,
F.R.C.P. With 25 Illustrations. Crown 8vo.

, y. net.

BGCJCTOB.—HEALTH IN THE HOUSE. By Mrs. C. M.
Buckton. With 41 Woodcuts and Diagrams. Crown 8vo.

,
2s.

CORFIELD.—THE LAWS OF HEALTH. By W. H. Cor-
FIELD, M.A., M.D. Fcp. 8vo., i^. (>d.

ELEMENTARY PRACTICAL HYGIENE.—
Section I. By William S. Furneaux. With 146 Illustrations. Cr. 8vo., 2s, 6d.

HOTTER AND FIRTH.— by J. L. NOTTER, M.A., M.D.,
and R. H, FIRTH, F.R.C.S.

HYGIENE. With 95 Illustrations. Crown 8yo., 3X. (>d.

PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations.

Crown 8VO., 2S . 6d.

FOORE.—Works by GEORGE VIVIAN POORE, M.D.

ESSAYS ON RURAL HYGIENE. With 12 Illustrations.

Crown 8vo., 6s. 6d.

THE DWELLING-HOUSE. With 36 Illustrations. Crown
8vo., y. 6d.

COLONIAL AND CAMP SANITATION. With ii Illustra-
tions. Crown 8vo., 2s. net.

THE EARTH IN RELATION TO THE PRESERVATION
AND DESTRUCTION OF CONTAGIA : being the Milroy Lectures
delivered at the Royal College of Physicians in 1899, together with other
Papers on Sanitation. With 13 Illustrations. Crown 8vo., y.

WILSON.—

K

MANUAL OF HEALTH-SCIENCE. By
Andrew Wilson, F.R.S.E., F.L.S., etc. With 74 Illustrations. Crown
8vo.

, 2s . 6d.
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MEDICINE AND SURGERY.
(And see PHYSIOLOGY, etc., page 32.)

ASBBY AND WBIGBT—THE DISEASES OF CHILDREN,
MEDICAL AND SURGICAL. By Henry Ashby, M.D., Lond., F.R.C.P.,
Physician to the General Hospital for Sick Children, Manchester

;
and G. A.

Wright, B.A.
,
M.B. Oxon.

,
F. R.C.S., Eng.

,
Assistant-Surgeon to the Man-

chester Royal Infirmary, and Surgeon to the Children’s Hospital. Enlarged
and Improved Edition. With 192 Illustrations. 8vo.

,
255'.

BAIN.—

A

TEXT-BOOK OF MEDICAL PRACTICE. By
Various Contributors. Edited by William Bain, M.D., M.R.C.P. With 68
Anatomical Illustrations. 8vo.

,
25A net.

BENNETT.—Works by Sir WILLIAM BENNETT, K.C.V.O.,

F.R.C.S., Surgeon to St. George’s Hospital; Member of the

Board of Examiners, Royal College of Surgeons of England.

CLINICAL LECTURES ON VARICOSE VEINS OF THE
LOWER EXTREMITIES. With 3 Plates. 8vo., 6j.

ON VARICOCELE
;
A PRACTICAL TREATISE. With 4

Tables and a Diagram. 8vo., 5^.

CLINICAL LECTURES ON ABDOMINAL HERNIA

:

chiefly in relation to Treatment, including the Radical Cure. With 12 Dia-

grams in the Text. 8vo., 8j. 6d.

ON VARIX, ITS CAUSES AND TREATMENT, WITH
ESPECIAL REFERENCE TO THROMBOSIS. 8vo., 3A 6d.

THE PRESENT POSITION OF THE TREATMENT OF
SIMPLE FRACTURES OF THE LIMBS. 8vo., 2.y. ed.

LECTURES ON THE USE OF MASSAGE AND EARLY
PASSIVE MOVEMENTS IN RECENT FRACTURES AND OTHER
COMMON SURGICAL INJURIES : The Treatment of Internal Derange-
ments of the Knee Joint and Management of Stiff Joints. With 17
Illustrations. 8vo., 6s.

CABOT.—

A

GUIDE TO THE CLINICAL EXAMINATION
OF THE BLOOD FOR DIAGNOSTIC PURPOSES. By Richard C.

Cabot, M.D.
,
Physician to Out-patients, Massachusetts General Hospital.

With 3 Coloured Plates and 28 Illustrations in the Text. 8vo., id.?.

CAEE, PICK, DORAN, and DUNCAN—liWE PRACTI-
TIONER’S GUIDE. By J. Walter Carr, M.D. (Lond.), F.R.C.P.

;

T. Pickering Pick, F.R.C.S. ;
Alban H. G. Doran, F.R.C.S.

;
Andrew

Duncan, M.D., B.Sc. (Lond.), F.R.C.S., M.R.C.P. 8vo., 21s. net.

COATS.—

A

MANUAL OF PATHOLOGY. By Joseph
Coats, M.D.

,
late Professor of Pathology in the University of Glasgow.

Fifth Edition. Revised throughout and Edited by Lewis R. Sutherland,
M. D.

,
Professor of Pathology, University of St. Andrews. With 729 Illus-

trations and 2 Coloured Plates. 8vo.
,
28j-. net.
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CHEYNE AND BURGHARD.—A MANUAL OF SURGICAL
TREATMENT. By W. Watson Cheyne, C.B.. M.B., F.R.C.S., F.R.S.,

Professor of Clinical Surgery in King’s College, London, Surgeon to King’s
College Hospital, etc.

;
and F. F. Burghard, M.D. and M.S. (Lond.),

F.R.C.S., Teacher of Practical Surgery in King’s College, London, Surgeon
to King’s College Hospital (Lond.), etc.

Part I. The Treatment of General Surgical Diseases, including
Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compli-
cations, Infective Diseases and Tumours

;
the Administration of Anaesthetics.

With 66 Illustrations. Royal 8vo.
,
ioa 6d.

Part II. The Treatment of the Surgical Affections of the Tissues,
including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic
Vessels and Glands, the Fasciae, Bursae, Muscles, Tendons and Tendon-
sheaths, Nerves, Arteries and Veins. Deformities. With 141 Illustrations.

Royal 8vo., 14s,

Part III. The Treatment of the Surgical Affections of the Bones.
Amputations. With 100 Illustrations. Royal 8vo., 12s.

Part IV. The Treatment of the Surgical Affections of the Joints
(including Excisions) and the Spine. With 138 Illustrations. . Royal 8vo.

,
14J.

Part V. The Treatment of the Surgical Affections of the Head,
Face, Jaws, Lips, Larnyx and Trachea

;
and the Intrinsic Diseases of the

Nose, Ear and Larynx, by H. Lambert Lack, M.D. (Lond.), F.R.C.S.

,

Surgeon to the Hospital for Diseases of the Throat, Golden Square, and to

the Throat and Ear Department, The Children’s Hospital, Paddington
Green. With 145 Illustrations. Royal 8vo., i8j-.

Part VI. Section I. The Treatment of the Surgical Affections of
the Tongue and Floor of the Mouth, the Pharynx, Neck, CEsophagus, Stomach
and Intestines. With 124 Illustrations. Royal 8vo., 18^.

Section 11. The Treatment of the Surgical Affections of
the Rectum, Liver, Spleen, Pancreas, Throat, Breast and Genito-urinary
Organs. With 113 Illustrations. Royal 8vo., 21s.

COOEE.—Works by THOMAS COOKE, F.R.C.S. Eng., B.A.,

B.Sc., M.D., Paris.

TABLETS OF ANATOMY. Being a Synopsis of Demonstra-
tions given in the Westminster Hospital Medical School. Eleventh Edition
in Three Parts, thoroughly brought up to date, and with over 700 Illustra-

tions from all the best Sources, British and Foreign. Post 4to.

Part 1. The Bones, js. 6d. net.

Part H. Limbs, Abdomen, Pelvis. loi". 6d. net.

Part HI. Head and Neck, Thorax, Brain. 10s. 6d. net.

• APHORISMS IN APPLIED ANATOMY AND OPERATIVE
SURGERY. Including 100 Typical vivd voce Questions on Surface Marking,
etc. Crown 8vo., 3J. Cid.

DAKIN.—

K

HANDBOOK OF MIDWIFERY. By William
Radford Dakin, M.D., F.R.C.P.

,
Obstetric Physician and Lecturer on

Midwifery at St. George’s Hospital, etc. With 394 Illustrations. Large
crown 8vo.

,
i8j.
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DICJCIJVSOJV.—Works by W. HOWSHIP DICKINSON, M.D.
Cantab,, F.R.C.P.

ON RENAL AND URINARY AFFECTIONS. With 12
Plates and 122 Woodcuts. Three Parts. 8vo., 4s. 6d.

THE TONGUE AS AN INDICATION OF DISEASE:
being the Lumleian Lectures delivered March, 1888. 8vo., ys. 6d.

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855-
1896. 8vo., 12s.

i:j?/ciis£:jv.—the science and art of surgery;
a Treatise on Surgical Injuries, Diseases, and Operations. By Sir John Eric
Erichsen, Bart., F.R.S., LL.D. Edin.

,
Hon. M.Ch. and F.R.C.S. Ireland.

Illustrated by nearly looo Engravings on Wood. 2 vols. Royal 8vo., 48J.

FOWLER AND GOELEE.—THE DISEASES OF THE
LUNGS. By James Kingston Fowler, M.A., M.D., F.R.C.P., Physician
to the Middlesex Hospital and to the Hospital for Consumption and Diseases
of the Chest, Brompton, etc.

;
and Rickman John Godlee, Honorary Surgeon

in Ordinary to His Majesty, M.S., F.R.C.S., Fellow and Professor of Clinical

Surgery, University College, London, etc. With 160 Illustrations. 8vo., 25J.

GARROD.—Works by Sir ALFRED BARING GARROD,
M.D., F.R.S., etc.

A TREATISE ON GOUT AND RHEUMATIC GOUT
(RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures

(14 Coloured), and 27 Illustrations engraved on Wood. 8vo., 21s.

THE ESSENTIALS OF MATERIA MEDICA AND THERA-
PEUTICS. Crown 8vo.

,
12s. 6d.

GOAEBY.—THE MYCOLOGY OF THE MOUTH : a Text-
Book of Oral Bacteria. By Kenneth W. Goadby, L.D.S. (Eng.),

D.P.H. (Camb.), L.R.C.P., M.R.C.S.
,
Bacteriologist and Lecturer on Bacteri-

ology, National Dental Hospital, etc. With 82 Illustrations. 8vo., 8^-. 6d. net.

GOOESALL AND DISEASES OF THE ANUS AND
RECTUM. By D. H. GOODSALL, F.R.C.S., Senior Surgeon, Metropolitan
Hospital

;
Senior Surgeon, St. Mark’s Hospital

;
and W. Ernest Miles,

F.R.C.S., Assistant Surgeon to the Cancer Hospital, Surgeon (out-patients),

to the Gordon Hospital, etc. (In Two Parts.) Part I. With 91 Illustrations.

8vo., ys. 6d. net.

GRA Y.—ANATOMY, DESCRIPTIVE AND SURGICAL. By
Henry Gray, F.R.S., late Lecturer on Anatomy at St. George’s Hospital
Medical School. The Fifteenth Edition Enlarged, edited by T. Pickering
Pick, F.R.C.S., Consulting Surgeon to St. George’s Hospital, etc., and by
Robert Howden, M.A.

,
M.B., C.M., Professor ofAnatomy in the University of

Durham, etc. With 772 Illustrations, a large proportion of which are Coloured,
the Arteries being coloured red, the Veins blue, and the Nerves yellow. The
attachments of the muscles to the bones, in the section on Osteology, are

also shown in coloured outline. Royal 8vo., 325. net.
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HALLIBURTON.— by W. D. HALLIBURTON, M.D.,
F.R.S., Professor of Physiology in King’s College, London.

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND
PATHOLOGY. With 104 Illustrations. 8vo., 28^.

ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 83
Illustrations. 8vo., 4s. 6(/. net.

HILLI£R.—TRE PREVENTION OF CONSUMPTION. By
Alfred Hillier, B.A.

,
M.D.

,
Secretary to the National Association for

the Prevention of Consumption (England), Visiting Physician to the London
Open-Air Sanatorium. Revised by Professor R. Koch. With 14 Illustrations.

Crown 8vo., 55. net.

LANG.—THE METHODICAL EXAMINATION OF THE
EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students
and Practitioners. By William Lang, F.R.C.S. Eng., Surgeon to the Royal
London Ophthalmic Hospital, Moorfields, etc. With 15 Illustrations.

Crown 8vo., 3J. 6d.

LURR—TEXT-BOOK OF FORENSIC MEDICINE AND
TOXICOLOGY. By Arthur P. Luff, M.D., B.Sc. (Lond.), Physician
in Charge of Out-Patients and Lecturer on Medical Jurisprudence and
Toxicology in St. Mary’s Hospital. With 13 full-page Plates (i in colours) and

33 Illustrations in the Text. 2 vols. Crown 8vo.
,
24s.

FAG£T.—Edited by STEPHEN PAGET.
SELECTED ESSAYS AND ADDRESSES. By Sir JAMES

PAGET. 8vo., I2S. 6d. net

MEMOIRS AND LETTERS OF SIR JAMES PAGET, Bart.,
F.R.S., D.C.L., late Sergeant-Surgeon to Her Majesty Queen Victoria. With
Portrait. 8vo., 6s. net.

RHILL/RS.—MATERIA MEDICA, PHARMACOLOGY AND
THERAPEUTICS : Inorganic Substances. By Charles D. F. Phillips,
M.D., LL.D., F.R.S. Edin., late Lecturer on Materia Medica and Therapeutics
at the Westminster Hospital Medical School

;
late Examiner in the University

of Edinburgh. 8vo., 21J.

POOLE.—COOKERY FOR THE DIABETIC. By W. H. and
Mrs. Poole. With Preface by Dr. Pavy. Fcap. 8vo., 2s. 6d.

RROBVN- WILLIAMS.—A PRACTICAL GUIDE TO THE
ADMINISTRATION OF ANESTHETICS. By R. J. Probyn-Williams,
M.D., Anaesthetist and Instructor in Anaesthetics at the London Hospital;
Lecturer in Anaesthetics at the London Hospital Medical College, etc. With
34 Illustrations. Crown 8vo., 4s. 6d. net.

QUAIN.—QXJAm’S (Sir Richard) DICTIONARY OF MEDI-
CINE. By Various Writers. Third Edition. Edited by H. Montague
Murray, M. D.

,
F.R.C.P., Joint Lecturer on Medicine, Charing Cross Medical

School, and Physician, Charing Cross Hospital
;
assisted by John Harold,

M.B., B.Ch.
,
B.A.O.

,
Physician to St. John’s and St. Elizabeth’s Hospital;

and W. Cecil Bosanquet, M.A., M.D., M.R.C.P., Assistant Physician to

Charing Cross Hospital, etc. With 21 Plates (14 in Colour) and numerous
Illustrations in the Text. 8vo., 21s. net, buckram

;
or 30J. net, half-morocco.
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(lUAIN,—q}3MW^ (JONES) ELEMENTS OE ANATOMY.
The Tenth Edition. Edited by Edward Albert Schafer, F.R.S., Professor
of Physiology in the University of Edinburgh

;
and George Dancer Thane,

Professor of Anatomy in University College, London.

VoL. I., Part I. EMBRYOLOGY.
By E. A. Schafer, F.R.S. With
200 Illustrations. Royal 8vo., 95.

VoL. I., Part II. GENERAL ANA-
TOMY OR HISTOLOGY. By E.
A. Schafer, F.R.S. With 491
Illustrations. Royal 8vo., 12s. 6d.

VoL. II., Part I. OSTEOLOGY—
ARTHROLOGY. ByG. D. Thane.
With 224 Ulus. Royal 8vo., IIj.

VoL. II., Part II. MYOLOGY—
ANGEIOLOGY. By G. D. Thane.
With 199 Illustrations. Royal 8vo.

,
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VoL. III., Part I. THE SPINAL
CORD AND BRAIN. By E. A.

Schafer, F.R.S. With 139 Illus-

trations. Royal 8VO., 12s. 6d.

VoL. III., Part II. THE NERVES.
By G. D. Thane. With 102
Illustrations. Royal 8vo., gs.

VoL. III., Part III. THE ORGANS
OF THE SENSES. By E. A.
SchXfer, F.R.S. With 178 Illus-

trations. Royal 8VO., 95.

VoL. III., Part IV. SPLANCH-
NOLOGY. By E. A. Schafer,
F.R.S., and Johnson Symington,
M. D. With 337 Illustrations. Royal
8VO., i6i-.

Appendix. SUPERFICIAL AND
SURGICAL ANATOMY. By
Professor G. D. Thane and Pro-
fessor R. J. Godlee, M.S. With
29 Illustrations. Royal 8vo., 65“. 6d.

SCHAFER.—WorVs by E. A. SCHAFER, F.R.S., Professor of

Physiology in the University of Edinburgh.

THE ESSENTIALS OF HISTOLOGY. Descriptive and
Practical. For the Use of Students. With 463 Illustrations. .8vo., 95. net.

DIRECTIONS FOR CLASS WORK IN PRACTICAL
PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the

Vascular and Nervous Systems. With 48 Diagrams and 24 pages of plain

paper at end for Notes. 8vo.
,

3J. net.

SMALE AND (::6>Z KSW.—DISEASES AND INJURIES OF
THE TEETH, including Pathology and Treatment. By Morton Smale,
M.R.C.S., L.S.A.

,
L.D.S., Dental Surgeon to St. Mary’s Hospital, Dean of

the School, Dental Hospital of London, etc.
;
and J. F. Colyer, L.R.C.P.,

M.R.C.S., L.D.S., Dental Surgeon to Charing Cross Hospital and to the

Dental Hospital of London. Second Edition Revised and Enlarged by J. F.

Colyer. With 640 Illustrations. Large crown 8vo., 21s. net.

SMITH {H. a:).—THE HANDBOOK FOR MIDWIVES, By
Henry Fly Smith, B.A., M.B. Oxon., M.R.C.S. 41 Woodcuts. Cr. 8vo., 5J.
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STEVENSON.—WOUNDS IN WAR: the Mechanism of their

Production and their Treatment. By Surgeon-General W. F. Stevenson,
C.B. (Army Medical Staff), B.A.

,
M.B.

,
M.Ch. Dublin University, Professor

of Military Surgery, Royal Army Medical College, London. With 127 Illustra-

tions. 8vo.
,
i5y. net.

TAFFEINEE. — INTRODUCTION TO CHEMICAL
METHODS OF CLINICAL DIAGNOSIS. By Dr. H. Tappeiner,
Professor of Pharmacology and Principal of the Pharmacological Institute of

the University of Munich. Translated by Edmond J. McWeeney, M. A.
,
M. D.

(Royal Univ. of Ireland), L.R.C.P.I., etc. Crown 8vo., 35. 6d.

WALLEF.—Works by AUGUSTUS D. WALLER, M.D.,

Lecturer on Physiology at St. Mary’s Hospital Medical School,

London
;

late External Examiner at the Victorian University.

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third
Edition, Revised. With 314 Illustrations. 8vo., 18s.

LECTURES ON PHYSIOLOGY. First Series. On Animal
Electricity. 8vo.

,
5^. net.

VETERINARY MEDICINE, ETC.

FITZIVYGJiJM.—HORSES AND STABLES. By Lieut.- General
Sir F. Fitzwygram, Bart. With 56 pages of Illustrations. 8vo., 3J. net.

STEEL.—Works by JOHN HENRY STEEL, F.R.C.V.S., F.Z.S.,

A.V.D., late Professor of Veterinary Science and Principal of

Bombay Veterinary College.

A TREATISE ON THE DISEASES OF THE DOG; being
a Manual of Canine Pathology. Especially adapted for the use of Veterinary
Practitioners and Students. With 88 Illustrations. 8vo.

,
10s. 6d.

A TREATISE ON THE DISEASES OF THE OX
;
being a

Manual of Bovine Pathology. Especially adapted for the use of Veterinary
Practitioners and Students. With 2 Plates and 117 Woodcuts. 8vo.

,
15J.

A TREATISE ON THE DISEASES OF THE SHEEP
;
being

a Manual of Ovine Pathology for the use of Veterinary Practitioners and
Students. With Coloured Plate and 99 Woodcuts. 8vo.

,
12s.

VOGATT—Works by WILLIAM YOUATT.

THE HORSE. With 52 Wood Engravings. 8vo., 75 . 6d

THE DOG. With 33 Wood Engravings. 8vo., 6s.
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ASUBV.—NOTES ON PHYSIOLOGY FOR THE USE OF
STUDENTS PREPARING FOR EXAMINATION. By Henry Ashby,
M.D. Lend., F.R.C.P., Physician to the General Hospital for Sick Children,

Manchester. With 148 Illustrations. i8mo., 5^.

BAJ^JVjCTT.—THE MAKING OF THE BODY : a Children’s
Book on Anatomy and Physiology. By Mrs. S. A. Barnett. With 113 Illus-

trations. Crown 8vo. , is. gd.

ABB.—ELEMENTARY PRACTICAL ZOOLOGY. By
Frank E. Beddard, M.A. Oxon. With 93 Illustrations. Crown 8vo.

,
2s. 6d.

BIDGOOD.—k COURSE OF PRACTICAL ELEMENTARY
BIOLOGY. By John Bidgood, B.Sc., F.L.S. With 226 Illustrations.

Crown 8vo.
, 4^. Cid.

RESPONSE IN THE LIVING AND NON-LIVING.
By Jagadis Chunder Bose, M.A. (Cantab.), D.Sc. (Lond.), Professor, Presi-

dency College, Calcutta. With 117 Illustrations. 8vo., lo^. td.

BRODIE. — THE ESSENTIALS OF EXPERIMENTAL
PHYSIOLOGY. For the Use of Students. By T. G. Brodik, M.D.,
Lecturer on Physiology, St. Thomas’s Hospital Medical School. With 2

Plates and 177 Illustrations in the Text. 8vo.
,
6s. 6d.

CHAPMAN.— FORAMINIFERA : An Introduction to the
Study of the Protozoa. By Frederick Chapman, A.L.S.

,
F.R.M.S.

With 14 Plates and 42 Illustrations in the Text. 8vo.
,
gs. net.

HUMAN PHYSIOLOGY. By W. Furneaux,
F.R.G.S. With 218 Illustrations. Crown 8vo., 2s. 6d.

HUDSON AND GOSSD,—THE ROTIFERA, or ‘ WHEEL-
ANIMACULES’. By C. T. Hudson, LL.D., and P. H. Gosse, F.R.S.
With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to., loj. 6d. each.

Supplement i2.f. 6d. Complete in 2 vols., with Supplement, 4to., ^4 4-^*

MACAZISTDD.— Works by ALEXANDER MACALISTER,
M.D.

AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY
AND MORPHOLOGY OF VERTEBRATE ANIMALS. With 41
Diagrams. 8vo., 10s. 6d

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With
77 Diagrams. Fcp. 8vo., u. 6d.

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 59
Diagrams. Fcp. 8vo., is. 6d,

MACDOUGAL. — Works by DANIEL TREMBLY MAC-
DOUGAL, Ph.D., Director of the Laboratories of the New
York Botanical Garden.

PRACTICAL TEXT-BOOK OF PLANT PHYSIOLOGY.
With 159 Illustrations. 8vo., js. 6d, net.

ELEMENTARY PLANT PHYSIOLOGY. With 108 Illustra-

tions. Crown 8vo., 3^.
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MORGAN,—ANIMAL BIOLOGY : an Elementary Text-Book.
By C. Lloyd Morgan, F.R.S.

,
Principal of University College, Bristol. With

103 Illustrations. Crown 8vo.
,
8j. Cyd.

DIRECTIONS FOR CLASS WORK IN PRAC-
TICAL PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of
the Vascular and Nervous Systems. By E. A. Schafer, LL.D., F.R.S.,
Professor of Physiology in the University of Edinburgh. With 48 Diagrams.
8vo., 3L net,

THORNTON.— by JOHN THORNTON, M.A.

HUMAN PHYSIOLOGY. With 284 Illustrations, some
Coloured. Crown 8vo., 6s.

ELEMENTARY BIOLOGY, Descriptive and Experimental.
With numerous Illustrations. Crown 8vo.

,
35. 6d,

ELEMENTARY PRACTICAL PHYSIOLOGY. With 178
Illustrations (6 of v/hich are Coloured). Crown 8vo.

,
6d.

BACTERIOLOGY,
CURTIS.—THE ESSENTIALS OF PRACTICAL BACTERI-

OLOGY : An Elementary Laboratory Book for Students and Practitioners. By
H. J. Curtis, B.S. and M.D. (Lond.),F.R.C.S. With 133 Illustrations. 8vo.

,
gs.

BJIINGRA.—ELEMENTARY BACTERIOLOGY. By M. L.
Dhingra, M.D.

,
C.M. Edin., Diplomate in State Medicine, University of

Cambridge, etc. With Coloured Frontispiece and 26 Illustrations in the Text.
Crown 8vo.

,
3^^. net,

RRANRZAND.-MlCRO-ORGAmSMS IN WATER. To-
gether with an Account of the Bacteriological Methods involved in their

Investigation. Specially designed for the use of those connected with the

Sanitary Aspects of Water-Supply. By Percy Frankland, Ph.D., B.Sc.

(Lond.), F.R.S.
,
and Mrs. Percy Frankland. With 2 Plates and Numerous

Diagrams. 8vo.
,
i6^. net.

RRANNLANB.—BACTERIA IN DAILY LIFE. By Mrs.
Percy Frankland, F.R.M.S. Crown 8vo., 5^. net.

GOABB V.—THE MYCOLOGY OF THE MOUTH: A Text-
Book of Oral Bacteria. By Kenneth W. Goadby, L.D.S. Eng., etc.

;

Bacteriologist and Lecturer on Bacteriology, National Dental Hospital, etc.

With 82 Illustrations. 8vo., 8.y. 6d. net.

RZdCKRR,—FERMENTATION ORGANISMS : a Laboratory
Handbook. By Alb. KloCKer, Translated by G. E. Allan, B.Sc., Lecturer
in the University of Birmingham, and J. H. Millar, F.I.C., formerly Lecturer
in the British School of Malting and Brewing, and Revised by the Author.
With 146 Illustrations. 8vo., i2i-. net.

PLIMMER, — THE CFIEMICAL CHANGES AND PRO-
DUCTS RESULTING FROM FERMENTATION. By R. H. Aders
Plimmer, D.Sc., Lond., Grocers’ Research Student, Jenner Institute of Pre-
ventiv** Medicine. 8vo.

,
6s. net.
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BOTANY.
— ELEMENTARY TEXT-BOOK OF BOTANY.

By Edith Aitken, late Scholar of Girton College. With 400 Diagrams.
Crown 8vo., 4s. 6d.

BENNETT and MUEBA V.—KAmBOOK OF CRYPTO-
GAMIC BOTANY. By Alfred W. Bennett, M.A., B.Sc., F.L.S., Lecturer

on Botany at St. Thomas’s Hospital
;
and George Murray, F.L.S., Keeper

of Botany, British Museum. With 378 Illustrations. 8vo., i6j.

CBOSS AND BEVAN—Nox\^ by C. F. CROSS, E. J. BEVAN
and C. BEADLE.

CELLULOSE : an Outline of the Chemistry of the Structural
Elements of Plants. With Reference to their Natural History and Industrial

Uses. With 14 Plates. Crown 8vo., 12s. net.

RESEARCHES ON CELLULOSE, 1895-1900. Cr.8vo.,6.f.net.

EJDMONES.—Works by HENRY EDMONDS, B.Sc., London..

ELEMENTARY BOTANY With 341 Illustrations. Cr.8vo.,2^.6^..

BOTANY FOR BEGINNERS. With 85 Illustrations. Fcp.
8vo., IS. 6d,

FARMER.—

A

PRACTICAL INTRODUCTION TO THE
STUDY OF BOTANY : Flowering Plants. By J. Bretland Farmer, D.Sc.,
F.R.S., M.A., Professor of Botany in the Royal College of Science, London,
With 121 Illustrations. Crown 8vo., 2s. 6d.

HENSLOW.—SOUTH AFRICAN FLOWERING PLANTS ;

For the Use of Beginners, Students and Teachers. By the Rev. Professor G.
Henslow, M.A., F.L.S., F.G.S., etc. With 112 Illustrations. Cr. 8vo., 5^.

HOFFMANN—ALPINE FLORA : for Tourists and Amateur
Botanists. By Dr. Julius Hoffmann. Translated by E. S. Barton (Mrs. A.
Gepp). With 40 Plates, containing 250 Coloured Figures, from Water-Colouf
Sketches by Hermann Friese. With Text descriptive of the most widely dis-
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